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Description 

TECHNICAL FIELD 

5 The present invention relates to adhesive ethylene copolymer resin compositions and laminates using the compo- 

sitions. More particularly, the invention relates adhesive ethylene copolymer resin compositions capable of being lami- 
nated with various resins such as polystyrene resins, ABS resin, polyacrylonitrile resins, polyester resins, 
polycarbonate resins, polyvinylidene chloride resins and ethylene/vinyl acetate copolymer saponified resins (EVOH) in 
a molten state to form laminates showing better retention of adhesion in an atmosphere of high temperatures than the 

10 conventional graft-modified low-crystalline ethylene polymers, ard relates to laminates using the compositions. Further, 
the invention also relates to adhesive ethylene copolymer resin compositions exhibiting excellent adhesive strength par- 
ticularly to metals and polar materials such as ethylene/vinyl alcohol copolymers, polyamides and polyesters, and to 
laminates using the compositions, 

15 BACKGROUND ART 

Because of their excellent properties, ethylene copolymers have been molded by various methods and applied to 
various uses. However, the ethylene copolymers have poor affinity for metals and various polar materials, because they 
have no polar group in their molecules, that is, they are non-polar resins. Therefore, when the ethylene copolymers are 

20 applied to uses where they must be bonded to metals or blended with polar resins, some improvemerrt should be made. 
In order to improve their affinity for the polar materials, for example, a method of graft-modifying the ethylene copoly- 
mers with polar monomers is known. 

However, even the graft-modified ethylene copolymers show insufficient adhesive strength to polystyrene resins. 
ASS resin, polyacrylonitrile resins, polyester resins, polycarbonate resins, polyvinylidene chloride resins, etc. 

25 In this connection, Japanese Patent l-aid-Open Publication No. 241 144/1986 describes that a composition com- 
prsing a low-density ethylene/a-olefin copolymer having been partially or wholly graft-modified with an unsaturated car- 
boxylic acid or its derivative and a tackifier shows good adhesive strength to styrene resins. 

Japanese Patent Laid-Open Publications No. 045445/1989 and No. 029331/1990 describe that an adhesive resin 
composition comprising a low-density ethylene/a-olefin copolymer, an ethylene/vinyl acetate copolymer and polyethyl- 

30 ene having been partially or wholly graft-modified with an unsaturated carboxylic acid or its derivative shows good 
adhesive strength to polyester resins, polycarbonate resins, polyvinylidene chloride resins, etc. 

However, the low-density ethylene/a-olefin copolymers shown in these publications sometimes exhibit insufficient 
adhesive strength in an atmosphere of high temperatures. 

Accordingly, if adhesive ethylene copolymer resin compositions, which have good adhesive strength to polystyrene 

35 resins, ABS resin, polyacrylonitrile resins, polyester resins, polycarbonate resins, polyvinylidene chloride resins, etc. 
and are hardly decreased in the adhesive strength even in an atmosphere of high temperatures, are developed, their 
industrial value will be extremely high. 

The ethylene copolymers are required to have different properties according to the molding method or use pur- 
pose. For example, in the high-speed production of inflation films, an ethylene copolymer having a high melt tension for 

40 the molecular weight must be selected to conduct stable high-speed molding without suffering instability of bubbles or 
break of butDbles. The similar properties are required to prevent sagging or break of resin in the hollow molding or to 
restrain neck-in to a minimum in the T-die molding, in the extrusion molding, further, the ethylene copolymer is required 
to have a small stress in a high-shear state from the viewpoints of improvement in qualities of molded products and eco- 
nomical efficiency such as reduction of power consurrption in the molding process. 

45 Meanwhile, a method of improving a melt tension or a swell ratio (die swell ratio) of the ethylene polymers obtained 
by the use of Ziegler catalysts, particularly titanium catalysts, to thereby improve moldability is proposed in Japanese 
Patent Laid-Open Publications No. 90810/1981 and No. 106806/1985. However, the ethylene polymers, specifically 
low-density ethylene polymers, obtained by the use of the titanium catalysts generally have problems of wide composi- 
tion distribution and surface tackiness of their molded products such as films. 

50 Of the ethylene polymers prepared by the use of Ziegler catalysts, those prepared by the use of chromium catalysts 
have relatively good melt tension but has a problem of poor heat stability. The reason is presumably that the ends of 
chain molecules of the ethylene polymers prepared by the use of the chromium catalysts easily become unsaturated 
bonds. 

The ethylene polymers obtained by the use of metallocene catalysts among the Ziegler catalysts are known to have 
55 advantages such as narrow composition distribution and low surface tackiness of their molded products such as films. 
In Japanese Patent Laid-Open Putjiication No. 35007/1985, however, it is described that the ethylene polymers 
obtained by using, as catalysts, zirconocene corifipounds composed of cyclopentadiene derivatives contain one ternrd- 
nal unsaturated bond per one molecule, and therefore it is thought that they have bad heat stability, similarly to the eth- 
ylene polymers obtained by the use of the chromium catalysts. Additionally, there is a fear of l>ad flowability in the 



BNSDOCID; <EP 0791626AlJ_> 



EP 0 791 628 A1 



extrusion molding process because these ethylene polynfiers have narrow molecular weight distribution. 

Accordingly, if ethylene polymers having high melt tension, small stress in the high-shear region, good heat stability, 
excellent mechanical strength and narrow composition distribution is developed, their industrial value will be extremely 
. high. 

5 The present invention Is intended to solve such problems associated with the prior art as described above, and it 

is an object of the invention to provide adhesive ethylene copolymer resin compositions having high adhesive strength 
to polystyrene resins, ABS resin, polyacrylonitrile resins, polyester resins. polycartx)nate resins and polyvinylidene 
chloride resins even in an atmosphere of high temperatures, and to provide laminates using the compositions. 

It is another object of the invention to provide adhesive ethylene copolymer resin compositions having excellent 

10 heat stability, moldability and transparency and capable of forming film layers of high adhesive strength to metals and 
materials of high polarity, and to provide laminates using the compositions. 

DISCLOSURE OF THE INVENTION 

IS The first adhesive ethylene copolymer resin composition according to the invention is a composition [la] compris- 
ing: 

50 to 99 % by weight of a modified ethylene/a-olefin copolymer [A2] obtained by graft-modifying a long-chain 
branched ethylene/a-olefin copolymer [A1] comprising ethylene and an a-olefin of 3 to 20 carbon atoms with an 
20 unsaturated carboxylic acid or its derivative, or 50 to 99 % by weight of the unmodified ethylene/oc-olefin copolymer 
[A1] and the nriodified ethylene/a-olefin copolymer [A2]. said unmodified long-chain branched ethylene/a-olefin 
copolymer [A1] being prepared by the use of an olefin polymerization catalyst comprising a Group IV transition 
metal compound (a) containing a ligand having cyclopentadienyl skeleton and an organoaluminum oxy-compound 
(b). and 

25 1 to 50 % by weight of a tackifier [B]; 

wherein the ethylene/a-olefin copolymer [A1] has the following properties: 
the density (d) is in the range of 0.850 to 0.895 g/cvrP, and 

the melt flow rate (MFR) at 190 under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min; and 
the composition [la] has the following properties: 
30 the density (d) is in the range of 0.870 to 0.900 g/cm^, 

the melt flow rate (MFR) at 190 °C under a load of 2.16 kg is in the range of 0.1 to 100 g/1 0 min, 
the crystallinity, as measured by X-ray diffractometry, is less than 40 %. and 

the graft quantity based on the total amount of the composition [la] is in the range of 0.0001 to 5 % by weight. 

35 The second adhesive ethylene copolymer resin composition according to the invention is a composition [lb] com- 
prising: 

49 to 95 % by weight of at least one component selected from the group consisting of the long-chain branched eth- 
ylene/a-olefin copolymer [A1] and the modified ethylene/a-olefin copolymer [/\2], 
40 1 to 50 % by weight of a tackrf ier [B], and 

1 to 30 % by weight of at least one component selected from the group consisting of 

an ethylene homopolymer [C1] prepared by the use of an olefin polymerization catalyst comprising a Group IV tran- 
sition metal connpound and an organoaluminum compound, 

an ethylene/a-olefin copolymer [C2] comprising ethylene and an a-olefin of 3 to 20 carbon atoms, which is pre- 
45 pared by the use of the same catalyst as for the copolymer [01], 

a modified ethylene homopolymer [C3] obtained by graft-modifying the ethylene homopolymer [CI] with an unsatu- 
rated carboxylic acid or its derivative, and 

a modified ethylene/a-olefin copolymer [C4] obtained by graft-modifying the ethylene/a-olefin copolymer [C2] with 
an unsaturated carboxylic acid or its derivative. 
50 said composition [lb] containing at least one component selected from the group consisting of the modified ethyl- 
ene/a-olefin copolymer [A2], the modified ethylene homopolymer [C3] and the modified ethylene/a-olefin copoly- 
mer [C4]; 

wherein the ethylene homopolymer [CI] and the ethylene/a-olefin copolymer [C2] have the following prop- 
erties: 

55 the density (d) is in the range of 0.900 to 0.970 g/cm^. 

the melt flow rate (MFR) at 190 *C under a load of 2.16 kg is in the range of 0.01 to 100 g/10 min. and 
the crystallinity. as measured by X-ray diffractometry. is not less than 30 %; and 
the composition [lb] has the following properties: 

thedensity (d) is in the range of 0.870 to 0.900 g/cm^,- 
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the melt flow rate (MFR) at 190 **C under a load of 2.16 kg is in the range of 0.1 to 100 g/10 min, 
the CTystallinity, as measured by X-ray diffractometry. is less than 40 %, and 

the graft quantity based on the total amount of the composition [lb] is in the range of 0.0001 to 5 % by weight. 

5 The third adhesive ethylene copolymer resin composition according to the invention is a composition [lla] compris- 

ing: 



50 to 95 % by weight of the modified ethylene/a-olefin copolymer [A2]. or 50 to 95 % by weight of the unmodified 

ethylene/a-olefin copolymer [A1] and the modified elhylene/a-olefin copolymer [A2], and 
10 5 to 50 % by weight of an ethylene/vinyl acetate ccpolymer [D]; 

wherein the ethylene/vinyl acetate copolymer [D] has the following properties: 

the melt flow rate (MFR) at 190 *C under a load of 2.16 kg is in the range of 0.1 to 50 g/10 min, and 

the vinyl acetate content is in the range of 5 to 40 % by weight; and 

the composition [lla] has the following properties: 
15 the density (d) is in the range of 0.870 to 0.900 g/cm^, 

the melt flow rate (MFR) at 190 under a load of 2.16 kg is in the range of 0.1 to 100 g/10 min, 

the crystallinity. as measured by X-ray diffractometry, is less than 30 %, and 

the graft quantity based on the total amount of the composition [lla] is in the range of 0.0001 to 5 % by weight. 

DC The fourth adhesive ethylene copolymer resin composition according to the invention is a composition [lib] com- 

prising: 



50 to 95 % by weight of at least one component selected from the group consisting of the long-chain branched eth- 
ylene/a-olefin copolymer [A1] and the modified ethyl ene/a-olef in copolymer [A2], 
D5 4 to 40 % by weight of the ethylene/vinyl acetate copolymer [D], and 

1 to 30 % by weight of at least one component selected from the group consisting of 

an ethylene homopolymer [CI] prepared by the use of an olefin polymerization catalyst comprising a Group IV tran- 
sition metal compound and an organoaluminum compound. 

an ethylene/a-olefin copolymer [C2] comprising ethylene and an a-olefin of 3 to 20 carbon atoms, which is pre- 
pared by the use of the same catalyst as for the copolymer [CI], 

a modified ethylene homopolymer [C3] obtained by graft-modifying the ethylene homopolymer [C1] with an unsatu- 
rated carboxyiic acid or its derivative, and 

a nrodified ethylene/a-olelin copolymer [C4] obtained by graft-modifying the ethylene/a-oiefin copolymer [C2] with 
an unsaturated cartx)xylic acid or its derivative, 

said composition [lib] containing at least one component selected from the group consisting of the oKxlified ethyl- 
ene/a-olefin cq3olymer [A2], the modified ethylene homopolymer [C3] and the modified ethylene/a-olefin copoly- 
mer [C4]: 

wherein the ethylene homopolymer [CI] and the ethylene/a-olefin copolymer [C2] have the following prop- 
erties: 

the density (d) is in the range of 0.900 to 0.970 g/cm^, 

the melt flow rate (MFR) at 190 ^'C under a load of 2.16 kg is in the range of 0.01 to 100 g/10 min, and 
the crystallinity. as measured by X-ray diffractometry, is not less than 30 %; and 
the composition [lib] has the following properties: 
the density (d) is in the range of 0.870 to O.MO g/cm^, 

the melt flow rate (MFR) at 190 *^C under a load of 2.16 kg is in the range of 0.1 to 100 g/10 min, 
the crystallinity, as measured by X-ray diffractometry, is less than 30 %. and 

the graft quantity based on the total amount of the connposition [lib] is in the range of 0.0001 to 5 % by weight 

The unmodified ethylene/a-olefin copolymer [A1] used in the above compositions [la], [lb], [lla] and [lib] preferably 
has the following properties: 



the ethylene content is in the range of 35 to 98 % by weight, 
the density (d) is in the range of 0.850 to 0.980 g/cm^, 

the melt flow rate (MFR2) at 190 **C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min, 
55 the melt tension (MT (g)) and the melt flow rate (MFR2) at 1 90 **C satisfy the follouvring relation 

MT> 1.55xMFR2"''^. 

the ratio (MFR10/MFR2) of the melt flow rate (MFR10) at 190 **C under a load of 10 kg to the melt flow rate (MFRg) 
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at 190 °C under a load of 2.16 kg is in the range of 7 to 50. 

the B value, which indicates randomness of the copolymerlzed monomer sequence distribution and is determined 
by the following equation, is in the range of 0.9 to 2. - 

B = Poe/2Po-Pe 

wherein is a molar fraction of the ethylene units contained in the copolymer, Pq is a molar fraction of the a-olef in 
units contained in the copolymer, and Pqe *s a proportion of the ethylene/a-olefin sequences to alt the dyad 
sequences in the copolymer, and 

the crystallinity, as measured by X-ray diffractometry. is not more than 30 %. 

The fifth adhesive ethylene copolymer resin composition according to the invention is a composition [III] comprising 
a blend of: 

50 to 95% by weight of a modified ethylene/a-olefin copolymer [E2] obtained by graft-modifying a linear ethylene/a- 
olefin copolymer [El] comprising ethylene and an a-olefin of 3 to 20 carbon atoms with an unsaturated carboxylic 
acid or its derivative, or 50 to 95 %by weight of the unmodified ethylene/a-olefin copolymer [El] and the modified 
ethylene/a-olefin copolymer [E2], said linear ethylene/a-olefin copolymer [E1] being prepared by the use of an ole- 
fin polymerisation catalyst comprising a Group IV transition metal compound (a) containing a ligand having 
cydopentadienyt skeleton and an organoaluminum oxy-compound (b), and 
5 to 50 % by weight of an olefin elastomer [F]; 

wherein the ethylene/a-olefin copolymer [E1] has the following properties: 
the density (d) is in the range of 0.900 to 0.965 g/cwP, and 

the melt flow rate (MFR) at 190 **C under a load of 2.16 kg is in the range of 0 01 to 200 g/10 min; and 
the olefin elastomer [F] has the following properties: 
the density (d) is in the range of 0.850 to 0.895 g/cm^, 

the melt flow rate (MFR) at 190 **C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min, and 
the crystallinity. as measured by X-ray diffractometry. is less than 30 %. 

The blend of the modified ethylene/a-otefin copolymer [E2] and the olefin elastomer [F] and the blend of the 
unmodified ethylene/a-olefin copolymer [E1], the modified ethylene/a-olefin copolymer [E2] and the olefin elastomer [F] 
preferably have the following properties: 

the density (d) is in the range of 0.870 to 0.960 g/cm^, 

the melt flow rate (I^FR) at 190 *C under a load of 2.16 kg is in the range of 0.01 to 100 g/10 min, 

the graft quantity of the graft group derived from the unsaturated cartx>xylic acid or its derivative is in the range of 

0.01 to 5 % by weight, and 

the crystallinity, as measured by X-ray diffractometry. is not less than 15 %. 

The unmodified ethylene/a-olefin copolymer [El] is preferably a linear ethylene/a-olefin copolymer having the fol- 
lowing properties: 

the density (d) is in the range of 0.900 to 0.965 g/cvrP, 

the melt flow rate (MFR) at 190 **C under a load of 2.16 kg is in the range off 0.01 to 200 g/10 min, 

the temperature (Tm (°C)) at the position of the maximum peak of an endotherm curve of the copolymer measured 

by a differential scanning calorimeter (DSC) and the density (d) satisfy the relation 

Tm < 400 X d - 250. 

the melt tension (MT (g)) and the melt flow rate (MFR) at 190 satisfy the relation 

MT^ 2.2 X MFR"°^. and 

the quantity fraction (W (% by weight)) of a decane-soluble componerrt of the copolymer at 23 *C and the density 

(d) satisfy the relation 

in the case of MFR ^ 10 g/10 min: 

W < 80 X exp(-100{d-0.88)) + 0.1 , 
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in the case of MFR > 10 g/10 min: 

W < 80 X (MFR-9) X exp(-100(d-0.88)) + 0.1 . 

5 The olefin elastomer [F] is preferably an ethylene/a-olefin copolymer containing constituent units derived from eth- 

ylene in amounts of 75 to 95 % by mol. 

The first and the second adhesive ethylene copolymer resin compositions according to the invention show excellent 
moldability and have high adhesive strength to polystyrene resins, ABS resin, polyacrylonitrile resins and ethyl ene/vinyl 
acetate copolymer saponified resins (EVOH). 

10 The third and the fourth adhesive.ethylene copolymer resin compositions according to the invention show excellent 
moldability and have high adhesive strength to polyester resins, polycartx>nate resins, potyvinylidene chloride resirts 
and ethylene/vinyl acetate copolymer saponified resins (EVOH). 

The fifth adhesive ethylene copolymer resin composition according to the invention shows excellent moldability and 
has high adhesive strength to nylon, ethylene/vinyl copolymers, polyesters and metals. 

75 The first laminate according to the invention is a laminate having a layer structure of three layers or a layer structure 
of four or more layers including said three layers, said three-layer structure being formed by superposing a resin 
selected from the group consisting of a polystyrene resin, an ABS resin arKi a polyacrylonitrile resin, the adhesive eth- 
ylene copolymer resin conrposition [la] or [lb] and an ethyleneMnyl acetate copolymer saporiified resin (EVOH) upon 
each other in this order in a molten state and cooling those resins. 

20 The second laminate according to the invention is a laminate having a layer structure of three layers or a layer struc- 
ture of four or more layers including said three layers, said three-layer structure being formed by superposing a resin 
selected from the group consisting of a polyester resin, a polycartx>nate resin and a polyvinyl idene chloride resin, the 
adhesive ethylene copolymer resin composition [I la] or [lib] and an ethylene/vinyl acetate copolymer saponified resin 
(EVOH) upon each other in this order in a molten state and cooling those resins. 

25 The third laminate according to the inverrtion is a laminate comprising a layer of the adhesive ethylene copolymer 
resin composition [III] and a layer of a polar material or a metal. 

The polar material is preferat>ly an ethylene/vinyl alcohol copolymer, polyamide or polyester. 

BEST MODE FOR CARRYING OUT OF THE INVENTION 

30 

The adhesive ethylene copolymer resin compositions and the laminates using the connpositions according to the 
invention will be described in detail hereinafter. 

The first adhesive ethylene copolymer resin composition of the invention conprises:. 

35 a specific amount of a modif i^ ethylene/a-olef in copolymer [A2], or a specific amount of an unmodified ethylene/a- 
olefin copolymer [A1] and a modified ethylene/aolefin copolymer [A2], and 
a specific amount of a tackifier [B]. 

The second adhesive ethylene copolymer resin composition of the invention comprises: 

40 

a specific amount of at least one component selected from the group correisting of a long-chain branched ethyl- 
ene/a-olefin copolymer [A1] and a modified ethylene/a-olefin copolymer [A2], 
a specific amount of a tackifier [B], and 

a specific amount of at least one component selected from the group consisting of an ethylene homopolymer [C1]. 
45 an ethylene/a-olefin copolymer [C2], a modified ethylene homopolymer [C3] and a modified ethylene/a-olefin 
copolymer [C4], 

said composition containing at least one component selected from the group consisting of the modified ethylene/a- 
olefin copolymer [A2], the modified ethylene homopolymer [C3] and the modified ethylene/a-oleffin copolymer [C4]. 

so The third adhesive ethylene copolymer resin composition of the invention comprises: 

a specific amount of a modified ethylene/a-olefin copolymer [A2J, or a specific amount of an unmodif i^ ethyiene/a- 
olefin copolymer [A1] and a modified ethylene/a-olefin copolymer [A2]. and 
a specific amount of an ethylene/vinyl acetate copolymer [B]. 

55 

The fourth adhesive ethylene copolymer resin composition of the invention comprises: 

a specific amount of at least one oonrponent selected from the group consisting of a long-chain branched ethyl- 
ene/a-olefin copolymer [A1] and a modified ethylene/a-olefin copolymer [A2], 



BNSEXDCID: <EP 079ie28A1J_> 



EP 0 791 628 A1 



a specific amount of an ethylene/vinyl acetate copolymer [B|, and 

a specific amount of at least one component selected from the group consisting of an ethylene homopolymer [C1], 
an ethylene/a-olefin copolymer [C2], a modified ethylene homopolymer [C3] and a modified ethylene/a-olef in 
copolymer [C4], 

5 said composition containing at least one component selected from the group consisting of the modified ethylene/a- 

olefin copolymer [A2], the modified ethylene homopolymer [C3] and the modified ethylene/a-olefin copolymer [04]. 

The fifth adhesive ethylene copolymer resin composition of the invention comprises: 

10 a blend of a specific amount of a modified ethytene/a-olefin copolymer [/^] and a specific amount of an olefin elas- 
tomer [B], or 

a blend of a specific amount of an unmodified ethylene/a-ol^in copolymer [A1], a specific amount of a modified eth- 
ylene/a-olefin copolymer [A2] and a specific amount of an olefin elastomer [B]. 

75 First, each component is described. 

Unmodified ethvlene/g-olefin copolymer [A1] 

The unmodified ethylene/a-olefin copolymer [A1] for use in the invention is a long-chain branched random copoly- 
20 mer of ethylene and an a-olefin of 3 to 20 carbon atoms, which is prepared by the use of a specific olefin polymerization 
catalyst (a kind of "metallocene catalyst"). 

Examples of the a-olefins of 3 to 20 carbon atoms copotymerizable with ethylene include propylene, 1-butene. 1- 
pentene, 1-hexene, 4-methyl-1-pGntene, 1-octene, 1-decene, 1-dodecene, 1 -tetradecene. 1-hexadecene, 1-octa- 
decene and 1 -eicosene. 

25 In the ethylene/a-olefin copolymer [A1], the ethylene content is usually 35 to 98 % by weight, preferably 65 to 97 % 
by weight, more preferably 70 to 95 % by weight, and the content of the a-olefin of 3 to 20 carbon atoms is usually 2 to 
65 % by weight, preferably 3 to 35 % by weight, more preferably 5 to 30 % by weight. The total amount of those com- 
ponents is 100 % by weight- 

The composition of an ethylene/a-olefin copolymer can be determined by measuring a ^^C-NMR spectrum of a 
30 sample obtained by homogeneously dissolving about 200 mg of the copolymer in 1 ml of hexachlorobutadtene in a sam- 
ple tube having a diameter of 10 mm under the measuring conditions of a measuring temperature of 120 ''C, a meas- 
uring frequency of 25.05 MHz, a spectrum width of 1 ,500 Hz, a pulse repetition time of 4.2 sec and a pulse width of 6 

usee. 

The ethylene/a-olefin copolymer [A1] preferably has the following properties (i) and (ii), more preferably has the fol- 
35 lowing properties (i) to (vi), and particularly preferably has the following properties (I) to (viii). 

(i) The density (d) of the ethylene/a-olefin copolymer [A1] is in the range of 0.850 to 0.895 g/cm^, preferably 0.855 
to 0.890 Q/crvP, more preferably 0.860 to 0.890 g/cm^. 

The density (d) is measured in the following manner. Strands obtained in the measurement of melt flow rate 
40 (MFR) at 190 **C under a load of 2.16 kg are heat treated at 120 for 1 hour and slowly cooled to room tempera- 
ture over a period of 1 hour. Then, the density is measured by a gradient density tube. 

(ii) The melt flow rate (sometimes expressed by MFR or MFR2) of the ethylene/a-olefin copolymer [A1] is in the 
range of 0.01 to 200 g/10 min. preferably 0.05 to 50 g/10 min, more preferably 0.1 to 20 g/10 min. 

The melt flow rate (MFR) is measured under the conditions of a temperature of 190 "^C and a load of 2.16 kg 
45 in accordance with ASTM D 1238-6ST. 

(lii) The melt tension (MT (g)) of the ethylene/a-olefin copolymer [A1] and the melt flow rate (MFR2 (g/10 min)) 
thereof at 1 90 **C satisfy the following relation 

MT> 1.55 X MFR 2 

so 

preferably MT > 1.56 x MFRg 

more preferably MT > 1 .57 x MFR 2 

55 The ethylene/a-olefin copolymer having a melt tension and a melt flow rate satisfying the above relation has 

higher melt tension and better moldability than the conventional ethylene/a-olefin copolymers. 

The melt tension (MT (g)) Is determined by measuring a stress given when a molten polymer is stretched at a 
constant rate. That is, the produced polymer powder is melted by a conventional method and then pelletized to give 
a sample to be measured. The measurement is carried out using a MT measuring machine (manufacture by Toyo 
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Seiki Seisakusho K.K.) under the conditions of a resin temperature of 190 **C. an extrusion speed of 15 mm/min, a 
take-up rate of 1 0 to 20 m/min, a nozzle diameter of 2.09 mm and a nozzle length of 8 mm. In the pelletizing, 0.05 
% by weight of tri(2,4-dl-t-butylphenyl)phosphate as a secondary antioxidant. 0.1 % by weight of n-octadecyl-3-(4'- 
, hydroxy-3\5'-di-t-butylphenyl)propionate as a heat stabilizer and 0.05 % by weight of calcium stearate as a hydro- 
5 chloric acid absorber are previously added to the ethylene/a-olefin copolymer. 

(iv) The ratio (MFR10/MFR2) of the melt flow rate (MFR-io) of the ethylene/a-olefin copolymer [A1] at 190 ''C under 
a load of 10 kg to the melt flow rate (MFR2) thereof at 190 **C under a load of 2.16 kg is in the range of 7 to 50. 
preferably 7 to 45. 

The ethylene/a-olefin copolymer having MFR^c/MFRg of 7 to 50 exhibits extremely good flowability 
10 (v) The B value of the ethylene/a-olefin copolymer [A1], which indicates randomness of the copolymerized mono- 
mer sequence distribution and is determined by the following equation, is in the range of 0.9 to 2, 

B = Poe/2Po-Pe 

15 wherein P ^ is a molar fraction of the ethylene units contained in the copolymer, Pq is a molar fraction of the a-olef in 
units contained in the copolymer, and Pqe is a proportion of the ethyiene/a-olefin sequences to all the dyad 
sequences in the copolymer. 

The B value serves as an indication of a monomer component distribution in the copolymer chains, and is 
determined by the above equation using the P^, Pq and Pqe values found in accordance with the reports by G.J. 

20 Ray (Macromolecules, 10, 773 (1977)). J.C. Randall (Macromolecules. 15. 353 (1982), J. Polymer Science, Poly- 

mer Physics Ed., 1_L 275 (1973)) and K. Kimura (Polymer. 25, 441 (1984)). As the B value becomes larger, the 
number of block-like sequences becomes smaller, and tNs means that the distribution of ethylene and the a-olef in 
is uniform and the composition distribution of the copolymer is narrow. 

The B value, which indicates width of the composition distribution, is determined in the following manner. In a 

25 sample tube having a diameter of 1 0 mm. about 200 mg of a copolymer is hortiogeneously dissolved in 1 ml of hex- 

achlorotjutadiene to give a sample. A ""^C-NMR spectrum of the sample is measured under the conditions of a 
measuring temperature of 120 'C, a measuring frequency of 25.05 MHz. a spectrum width of 1.500 Hz. a filter 
width of 1,500 Hz. a pulse repetition time of 4.2 sec. a pulse width of 7 joisec and a number of integration times of 
2,000 to 5,000. From the specti-um, the Pe. Pq Pqe values are found, and ttie B value is calculated by tiie 

30 above equation. 

(vi) The crystallinity. as measured by X-ray diffractometry. is not more than 30 %. 

(vii) The molecular weight distribution (Mw/Mn, Mw: weight-average molecular weight, Mn: number-average molec- 
ular weight) of the ethylene/a-olefin copolymer [Al], as measured by GPC, is in the range of 1 .5 to 4, preferably 1 .5 
to 3.5. 

35 The molecular weight distribution (Mw^n) was measured in the following manner using GPC-150C manufac- 

tured by Millipore Co. 

A separatory column of TSK-GNH-HT having a diameter of 72 mm and a length of 600 mm was used. The col- 
umn temperature was set at 140 "C. A sample (concertration: 0.1 % by weight, quantity: 500 microliters) was 
moved in the column at a rate of 1 .0 ml/min using o-dichlorobenzene (available from Wako Junyaku Kogyo K.K.) as 
40 a mobile phase and 0.025 % by weight of BHT (available from Takeda Chemical Industries. LTD.) as an antioxidant. 
A differential refractometer was used as a detector. With regard to standard polystyrenes, polystyrenes available 
from TOSOH K.K. were used as those of Mw<l,000 and Mw>4xl0®, and polystyrenes available from Pressure 
Chemical Co. were used as those of l.O00<Mw<4x1O^. 

(viii) The number of the unsaturated bonds present in molecules of the ethylene/a-olefin copolymer [Al] desirably 
45 is not more than 0.5 per 1 ,000 cartxjn atoms, and it is not more than 1 per me molecule of the copolymer. 

The quantitative determination of the unsaturated bonds is carried out in the following manner. An area inten- 
sity of signals assigned to those other than double bonds (i.e., signals witiiin tiie range of 10 to 50 ppm) and an 
area intensity of signals assigned to double bonds (i.e., signals within the range of 105 to 1 50 ppm) are found in an 
integral curve using ""^C-NMR. The number of the unsaturated trends is deterrnined as a ratio between those inten- 
se sities- 

The ethylene/a-olefin copolymer [Al] can be prepared by. for example, copolymerizing ethylene and an a-ole- 
f in of 3 to 20 carbon atoms in the presence of an olefin polymerization catalyst (a kind of "metallocene compound*) 
formed from: 

55 (a) a Group IVB transition metal compound having a bidentate ligand wherein two groups selected from a spe- 

cific indenyl group and its substituted derivatives are linked tiirough a carbon-containing group or a silicon-con- 
taining group, 

(b) an organoaluminum oxy-compound. and optionally 

(c) a carrier, and 
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(d) an organoaluminum compound, 
in such a manner that the resulting copolymer has a density of 0.850 to 0.895 g/cm^. 
The olefin polymerization catalyst and the catalyst components are descril^ed below. 

The Group IVB transition metal compound (a) having a bidentate ligand wherein two groups selected from a spe- 
cific indenyl group and its substituted derivatives are linked through a carbon-containing group or a silicon-containing 
group is specifically a transition metal compound represented by the following formula (I). 



MKL 



x-2 



(I) 



In the formula (I), M is a transition metal atom selected from Group IVB of the periodic table, spectfically. zirconium, 
titanium or hafnium, preferably zirconium. 

X is a valence of the transition metal atom M, and x-2 represents the number of L. 

K is a ligand coordinated to the transition metal atom, and is a bidentate ligand wherein the same or different two 
groups selected from a specific indenyl group, its partially hydrogenated products, substituted indenyl groups and their 
partially hydrogenated products are linked through a cartwn-containing group such as a lower alkylene group or a sili- 
con-containing group such as dialkylsilylene. 

Examples of the substituted indenyl groups include 4-phenylindenyI, 2 -methyl -4-phenylindenyl, 2-methyl-4-naph- 
thylindenyl, 2-methyl-4-anthracenylindenyl, 2-methyl-4-phenanthrylindenyl, 2-ethyl-4-phenylindenyl. 2-ethyl-4-naph- 
thylindenyt, 2-ethyl-4-anthracenylirKlenyl, 2-ethyl-4-phenanthrylindenyl, 2-propyl-4-phenylindenyl, 2-propyl-4- 
naphthylindenyl, 2-propyl-4-anthracenylindenyl and 2-propyl-4-phenanthrylindenyl. 

L isa hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a halogen atom, a trialkylsilyl 
group or a hydrogen atom. 

Examples of the hydrocarbon groups of 1 to 12 cart>on atoms include alkyi groups, cycloalkyi groups, aryl groups 
and aralkyi groups. More specifically, there can be mentioned alkyi groups, such as methyl, ethyl, n-propyK isopropyl, 
n-butyl. isobutyl. sec-butyl, t-butyl, pentyl. hexyl. octyl. 2-ethylhexyl and decyl; cycloalkyi groups, such as cydopentyl 
arKi cyclohexyl; aryl groups, such as phenyl and tolyl; and aralkyi groups, such as benzyl and neophyl. 

Examples of the alkoxy groups include methoxy. ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, t- 
butoxy, perrtoxy, hexoxy and octoxy. 

Examples of the aryloxy groups include phenoxy. - . 

The halogen atoms are fluorine, chlorine, bromine and iodine. 

Examples of the trialkylsilyl groups include trimethytsllyl, triethytsilyl and triphenylsilyl. 

Listed below are examples of the transition metal compounds represented by the formula (I). 
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rac-DimethyIsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 
rac-Dimethylsi 



ilylene-bis{1 -(4-phenylindenyl)}zirconium dichloride. 
ilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 
ilylene-bis{1-(2-methyl-4-(a-naphthyl)indenyI)Jzirconium dichloride, 
ilylene-bls{1 -(2-methyl-4-(p-naphthyl)indenyl)}2irconium dichloride, 

2-methyl-4-(1 -anthracenyl)indenyl)}zirconium dichloride. 
2-methyl-4-(2-anthracenyI)indenyl)}zirconium dichloride, 
2-methyl-4-(9-anthracenyl)indenyl))}zirconium dichloride, 
2-methyl-4-(9-phenanthryl)indenyl)}zirconium dk;hloride, 
2-methyl-4-(p-fluorophenyl)indenyl)}zirconium dichloride, 
2-methyl-4-{pentafluorophenyl)indenyl)}zirconium dichloride, 
2-methyI-4-{p-chlorophenyl)indenyl)}zirconium dichloride, 
2-methyl-4-(m-chlorophenyl)indenyI)}zirconium dichloride. 
lylene-bis{1-(2-methyl-4-(o-chlorophenyl)indenyl)}zirconium dichloride, 
lylene-bis{1-(2-methyl-4-(o,p-dichlorophenyl)phenylindenyl)}zirconium dichloride, 
2-methyl-4-(p-bromophenyi)indehyl)}zirconium dichloride, 
2-methyl-4-(p-tolyl)indenyl)}zirconium dichloride, 
2-methyl-4-( m- tolyl) indenyl)}zirconium dichloride, 
2-methyl-4-(o-tolyl)indenyl)}zirconium dichloride, 
ilylene-bis{1-(2-methyl-4-(o.o'-dimethylphenyI)indenyI)}2irconium dichloride, 
ilylene-bis{1-(2-methyl-4-(p-ethylphenyl)indenyl)}2irconium dichloride, 

2-methyl-4-(p-i-propylphenyl)indenyl)}zirconium dichloride, 
2-methyl-4-(p-benzylphenyl)indenyl)}2irconium dichloride, 
2-methyl-4-(p-biphenyl)indenyl)}zirconium dichloride, 



lylene-bis{l- 
lylene-bis{l- 
lylene-bis{1- 
lylene-bis{1- 
lylene-bis{1- 
lylene-bis{1- 
lylene-bis{1- 
lylene-bis{1- 



lylene-bis{1- 
lylene-bis{1- 
lylene-bis{1- 
lylene-bis{1- 



ilylene-bis{1- 
;lylene-bis{1- 
lylene-bis{1- 



lylene-bis{1-(2-methyl-4-(m-biphenyI)indenyl)}zirconium dichloride, 
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rac-Dimethylsilylene-bis{1-(2-methyl-4-(p-trimethylsilyienephenyl)indenyl)}zirconiurn dichloride. 

rac-Dimethylsilylene-bis{1-(2-methyl-4-(rrhtrimethyisilylenephenyl)in^ 

rac-Dimethylsilylene-bis{1 -(2-ethyl-4-phenylindenyl)}2irconium dichloride, 

rac-DimethylsiIylene-bis{1-(2-ethyl-4-(a-naphthyl)indenyl)}zir<x>nium dichloride. 
5 rac-Dimethylsiiylene-bis{1-(2-ethyl-4-(p-naphthyt)jndenyl))zirconium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-ethyl-4-( 1 -anthracenyl)indenyl)}zirconium dichloride, 

rac-DimethylsiIylene-bis{1 -(2-ethyl-4-(2-arrthracenyI)indenyl)}2irconium dichloride. 

rac-Dimethylsilylene-bis{1 -(2-ethyI-4-(9-anthracenyl)indenyl)}2irconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-ethyl-4-(9-phenanthryl)indenyl)}2irconium dichloride, 
10 rac-Diphenylsilylene-bis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-phenyl-4-phenylindenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-n-propyl-4-phenynrKjenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(a-naphthyI)indenyl)}zirconium dichloride, 

rac-Dlmethylsilylene-bis{1-(2-ni3ropyl-4-(p-naphthyl)indenyl)}zirconium dichloride, 
15 rac-Dimethylsilylene-bis{1 -(2-n-propyl-4-(1 -arrthracenyl)indenyl)}zlrconium dichloride. 

rac-Dlmethylsilylene-bis{1 -(2-n-propyl-4-(2-anthracenyl)indenyl)}zirconium dichloride, 

rac-DlmethylsiIylene-bis{1 -(2-n-propyl-4-(9-anthracenyl)indenyl)}zirconium dichloride. 

rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(9-phenanthryl)indenyl)}zirconium dichloride. 

rac-D!methy!silylene-bis{1 -(2 -i-butyl-4-pheriyrmdenyI)}zirconiunri dichloride, 
20 rac-Dtmethyisilylene-bis{1 -{2-i-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 

rac-Dimethyisilylene-bis{1-(2-i-bLityl-4-(p-naphthyl)indenyl)}ziroonium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-i-butyl-4-(1 -anthracenyl)indenyl)}2irconium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-i-bLJtyl-4-(2-anthracenyl)indenyl)}2irconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-i-bLrtyl-4-(9-anthracenyl)indenyl)}2irconium dichloride, 
25 rac-Dimethylsilylene-bis{1 -(2-i-butyl-4-(9-phenanthryl)indenyl)}2irconium dichloride, 

rac-Diethyisilylene-bis{1 -{2-methyl-4-phenylindeny!)}2irconium dichloride. 

rac-Di{ii3ropyl)silylene-bis{1-(2-methyl-4-phenylindenyl)}2irconium dichloride. 

rac-Di{n-butyl)silylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride. 

rac-Dicycloh©cylsi!ylene-bis{1 -(2-methyl-4-phenylindenyl)}2irconium dichloride, 
30 rac-Melhylpheriylsilylene-bis{1-(2-rriethyl-4-phenylinderiyl)}zirconiurn dichloride, 

rac-Diphenylsilylerie4Dis{1-{2-methyl-4-phenylindenyl)}zirconium dichloride, 

rac-Di(p-tolyl)silylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 

rac-Di(p-chloropheriyl)silylene-bis{1-(2-rTiethyl-4i3henyliridenyl)}zirconiurn dichloride. 

rac-Methylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
35 rac-Ethylene-bis{1-(2-methyl-4-phenylindenyl)}zirconiurn dichloride, 

rac-Dimethylgennyl-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dflbromide, 

rac-Dimethylsilylene-bis{1-(2-methyl-4-pherTylinderiyl)}zirconium dimethyl, 

rac-pimethylsilylene-bis{1-{2-methyl-4-phenylindenyl)}zirconium methylchloride, 
40 rac-Dimethylsilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium chloride S02Me. 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium chloride 0S02Me, 

rac-Dimethylsilylene-bis{1 -(2 -methyl-4-phenylindenyO}titanium dichloride. and 

rac-Dimethylsilylene-bis{ 1 -(2-methyl-4-phenylindenyl)}haf nium dichloride. 

45 Also employable in the invention are transition metal conrpounds wherein zirconium is replaced with titanium or haf- 

nium in the above-exemplrfied zirconium compounds. 

Next, the organoaluminum oxy-conrpound (b) is described. 

The organoaluminum oxy-compound (b) for forming the olefin polymerization catalyst used in the preparation of the 
unmodified ethylene/a-olefin copolymer [A1] may be a b^zene-soluble aluminoxane conventionally known or a ben- 
50 zene-insoluble organoaluminum oxy-compound disclosed in Japanese Patent Laid-Open Publication No. 276807/1 990. 
The aluminoxane can be prepared by, for example, the following processes. 

(1) An organoaluminum connpound such as trialkytaluminum is ^ded to a hydrocarbon medium suspension of 
conrpounds containing adsorbed water or salts containing water of crystallization, e.g., magnesium chloride 

55 hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate or cerous chloride hydrate, so as 
to allow the organoaluminum compound to react with the compound or the salt, followed by recovering aluminox- 
ane as its hydrocarbon solution. 

(2) Water, ice or water vapor is allowed to directly act on an organoaluminum compound such as trialkylaluminum 

' in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran, followed by recovering aluminoxane as its ~ 
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hydrocarbon solution. 

(3) An organotin oxide such as dimethyltin oxide or dibutyltin oxide is allowed to react with an organoaluminum 
compound such as trialkylaluminum in a medium such as decane, benzene or toluene. 

5 . The aluminoxane may contain a small amount of an organometallic component. Further, it is possible that the sol- 
vent or the unreacted organoaluminum compound is distilled off from the recovered solution of the aluminoxane and 
that the remainder is redissolved in a solvent. 

Examples of the organoaluminum compounds used for preparing the aluminoxane include: 

10 trialkylaluminums, such as trimethylaluminum, triethylaluminum, tripropylaluminum, triisopropylaluminum, tri-n- 
butylaluminum, triisobutylalumlnum, tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylaluminum, trihexylalumi- 
num, trioctytaluminum and tridecy [aluminum; 

tricycloalkylalumlnums. such as tricyclohexylaluminum and tricydooctylatuminum; 

dialkylaluminum halrdes, such as dimethylaluminum chloride, diethylalumrnum chloride, diethylaluminum bromide 
75 and diisobutylaluminum chloride; 

dialkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride; 
dialkylaluminum alkoxides. such as dimethylaluminum methoxide and diethylaluminum ethoxide; and 
dialkylaluminum aryloxides, such as diethylaluminum phenoxide. 

20 Of these, particularly preferable are trialkylaluminums and tricycloalkylaluminums. 

Also employable as the organoaluminum compound used for preparing the aluminoxane is isoprenylaluminum repr 
resented by the formula: 

(i-C4H9)^Aly(C5H,o)z 

25 

(wherein x. y. z are each a positive number, and z ^ 2x). 

The organoaluminum compounds mentioned above are used singly or in combination. 

Examples of the solvents used for preparing the aluminoxane include aromatic hydrocarbons, such as benzene, 
toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such as pentane, hexane, heptane, octane, decane, 
30 dodecane. hexadecane and octadecane; alicyclic hydrocartx>ns, such as cyclopentane. cyclohexane, cyclooctane and 
methylcyclopentane; petroleum fractions, such as gasoline, kerosine and gas oil; halides of these aromatic, aliphatic 
and aiicyciic hydrocarbons, particularly chlorides and bromides thereof. Also employable are ethers such as ethyl ether 
and tetrahydrofuran. Of the solvents, particularly preferable are aromatic hydrocarbons. 

The benzene-insoluble organoaluminum oxy-compound (b) enrployable in the invention contains an Al component, 
35 which is soluble in benzene at 60 *C, in an amount of not more than 10 % , preferably not more than 5 %, particularly 
preferably not more than 2 %, in terms of Al atom, and this compound is insoluble or slightly soluble in benzene. 

The solubility of the organoaluminum oxy-compound in benzene can be determined in the following manner. The 
organoaluminum oxy-compound in the amount corresponding to 100 mg • atom of Al is suspended in 100 ml of ben- 
zene, and they are mixed by stin-ing at 60 for 6 hours. Then, the mixture is filtered at 60 ^'C through a G-5 glass filter 
40 equipped with a jacket The solid remaining on the filter is washed four times with 50 ml of benzene at 60 ^'C to obtain 
a filtrate. The quantity (x mmol) of the Al atom present in the whole filtrate is measured to determine the solubility (x %). 

The metallocene type transition metal conpound (a) and/or the organoaluminum oxy-compound (b) described 
above may be used by supporting them on the below-described carrier (c). 

The carrier (c) is an inorganic or organic, granular or particulate solid compound having a particle diameter of 10 
45 to 300 ^m, preferably 20 to 200 fim. As the inorganic carrier, porous oxide is preferably employed. Examples of such 
oxides include SiOg. AI2O3, MgO, Zr02. TiOg. B2O3, CaO, ZnO, BaO. ThOa and mixtures thereof such as SiOg-MgO, 
Si02-Al203, Si02-Ti02. Si02-V205, Si02-Cr203 and Si02-T102-MgO. Among them, preferable are those containing 
Si02 arKi/or AI2O3 as their major component. 

The atxjve-merrtioned inorganic oxides may contain small amounts of carbonate component, sulfate connponent, 
60 nitrate component and oxide component, such as Na2C03, K2CO3, CaCOs, MgCOs, Na2S04, Al2(S04)3, BaS04, 
KNO3. Mg(N03)2. AI(N03)3. Na20. K2O and LigO. 

The properties of the carrier (c) vary depending on the type of the carrier and the process for the preparation 
thereof, but preferably used in the invention is a carrier having a specific surface area of 50 to 1 ,000 m^/g, preferably 
1 00 to 700 m^/g, and a pore volume of 0.3 to 2.5 cm^/g. The carrier may be used after calcined at 100 to 1 ,000 *'C. pref- 
55 erably 150 to 700 ''C, if desired. 

Also employable as the carrier (c) is an organic, granular or particulate solid compound having a particle diameter 
of 10 to 300 ^m. For example. (co)polymers produced mainly from a-olefins of 2 to 14 carbon atoms such as ethylene, 
propylene, 1-butene and 4-methyl-1-pentene or (co)polymers produced mainly from vinylcyclohexane or styrene are 
employable. - • * - - . - 
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The organoaluminum compound [d] used in the invention can be represented by, for example, the following general 
formula (II): 

R^AIXs.^ (II) 

5 

wherein is a hydrocartxjn group of 1 to 12 caibon atoms. X is a halogen or hydrogen atom, and n is 1 to 3. 

In the formula (11), R"* is a hydrocarbon group of 1 to 12 cartron atoms, e.g., an alkyl group, a cydoalkyl group or an 
aryl group. Examples of such groups include methyl, ethyl, n-propyl, isopropyl. isobutyl. pentyl. hexyl. octyl, cydopentyl, 
cyciohexyl, phenyl and tolyl. 
10 Exanrples of such organoaluminum compounds (d) include: 

trialkylaluminums, such as trimethytaluminum, triethylaluminum, triisopropyialuminum, triisobutylaJuminum, triocty- 
laluminum and tri-2-ethylhexylaluminum; 
alkenylaluminums, such as isoprenylaluminum; 
15 dialkylalumlnum halides. such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylaluminum chlo- 
ride, diisobutylaluminum chloride and dimethylaluminum bromide; 

alkylaluminum sesquihalides. isuch as methylaluminum sesquichloride, ethyialuminum sesqui chloride, isopropyla- 
luminum sesquichloride, butylaluminum sesquichloride and ethyialuminum sesquibromide; 

alkylaluminum dihalides, such as methylaluminum dichloride, ethyialuminum dichloride. isopropylaluminum dichlo- 
20 ride and ethyialuminum dibromide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 

Also employable as the organoaluminum compound [d] is a compound represented by the following formula (111): 

2^ R^AIY3.„ (III) 

wherein 

R^ is the same as R^ in the formula (II); 
30 Y is -OR^ group, -OSiR^g group. -OAlR^g group, -NR®2 group. -SIR'3 group or -N(R9)AIR^2 group; 
n is 1 to 2; ^ 

R*', R*^. R*^ and R^ are each methyl, ethyl, isopropyl, isobutyl. cyclohexyl, phenyl or the like; 
R® is hydrogen atom, methyl, ethyl, isopropyl, phenyl, trimethylsilyl or the like; and 
R* and R9 are each methyl, ethyl or the like. 



35 



Examples of such organoaluminum compounds include the following compounds. 



(i) compounds of the formula R®nAI(OR'')3,n. e.g.. dimethylaluminum methoxide. diethylaluminum ethoxide and 
diisobutylaluminum methoxide. 
40 (ii) compounds of the formula R^nAI(OSiR^3)3.n, e.g.. ETaAlCOSiMeg). (iso-Bu)2AI(OSiMe3) and (iso- 
Bu)2AI(OSIEt3). 

(ill) compounds of the formula R%Al(OAIR^2)3-n. e g- Et2AIOAIEt2 and (iso-Bu)2AIOAI(iso-Bu)2. 

(iv) compounds of the formula R*nAI(NR®2)3-n. e Me2AINEt2, Et2AINHMe, Me2AINHEt, Et2AIN(SiMe3)2 and (iso- 

Bu)2AIN(SiMe3)2. 

45 (v) compourKis of the formula R^nAI(SiR*3)3.n, e.g.. (iso-Bu)2AISiMe3. 

(vi) compounds of the formula R^nAI(N(R9)AIR^2)3-n. e-S t Et2AIN(Me)AlEt2 and {iso-Bu)2AIN(Et)AI(iso-Bu)2. 

Of the organoaluminum compounds r^esented by the formulas (II) and (III), preferable are connpounds of the for- 
mulas R^sAI. R^nAICOR'Os-n arid R^nAI(OAIR^2)3-n. and particularly preferable are compounds of said formulas wherein 
50 R^ is an isoalkyi group and n is 2. 

In the preparation of the ethylene/a-olefin copolymer [Al], the catalyst prepared by contacting the transition metal 
compound (a), the organoaluminum oxy-compound (b). and optionally, the carrier (c) and the organoaluminum com- 
pound (d) is employed. 

The catalyst used for preparing the ethylene/a-olefin copolymer [A1] may be a pr^olymerised catalyst obtained by 
55 prepolymerizing an olefin in the presence of the trar^ition metal compound (a), the organoaluminum oxy-compound (b), 
the carrier (c), and qationally. the organoaluminum compound (d). The prepolymerization can be carried out by intro- 
ducing an oldin into an inert hydrocait^on solvent in the presence of the transition metal compound (a), the organoalu- 
minum oxy-compound (b), the canrier (c), and optionally, the organoaluminum compound (d). 

The ethylene/a-olefin copolymer [A1] used in the invention is obtained by copolymerizing ethylene and an a-olefin 
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of 3 to 20 carbon atoms in the presence of the olefin polymerization catalyst or the prepolymerized catalyst 

The copolymerization of ethylene and the aolefin is carried out in a phase of liquid such as solution or slurry, or in 
a gas phase. In the solution polymerization or the slurry polymerization, an inert hydrocarbon may be used as a solvent 
or the olefin itself may be used as the solvent. 
5 Exanrples of the inert hydrocarbon solvents used in the solution polymerization or the slurry polymerization include 

aliphatic hydrocarbons, such as butane, isobutane, pentane, hexane, octane, decane. dodecane, hexadecane and 
octadecane; alicyclic hydrocarbons, such as cyclopentane, methylcyclopentane, cyclohexane and cyclooctane; aro- 
matic hydrocarbons, such as benzene, toluene and xylene; and petroleum fractions, such as gasoline, kerosine and gas 
oil. Of the inert hydrocarbon media, preferable are aliphatic hydrocarbons, alicyclic hydrocarbons and petroleum trac- 
ed tions. 

In the polymerization, the olefin polymerization catalyst is desirably used in such an amount that the concentration 
of the transition metal atom in the polymerization reaction system is usually 10'® to 10'^ g • atom/liter, preferably 10'^ to 
10"* g* atom/liter. 

In the solution polymerization or the slurry polymerization, the polymerization temperature is in the range of usually 
15 -50 to 1 00 ^'C. preferably 0 to 90 **C. In the gas phase polymerization, the polymerization temperature is in the range of 
usually 0 to 120 '^C. preferably 20 to 100 **C. 

The polymerization pressure is in the range of usually atmospheric pressure to 100 kg/cm^, preferably 2 to 50 
kg/cm^. The polymerization can be carried out by any of batch wise, semi-continuous and continuous processes. 

Further, the polymerization may be conducted in two or more stages under different reaction conditions. 

20 

Modified ethylene/a-olefin copolymer [21 

The modified ethylene/a-olefin copolymer [A2] for use in the invention is obtained by grafting an unsaturated car- 
^ boxylic acid or its derivative on the above-described ethylene/a-olefin copolymer [A1]. 

25 Exanrples of the unsaturated carboxyllc acids include acrylic acid, methacrylic acid, maleic acid, fumaric acid and 

ftaconic acid. 

Examples of the derivatives of unsaturated cartx>xylic acids include anhydrides, esters, amides, imides and metallic 
salts of unsaturated carboxylic acids. 

More specifically, there can be mentioned: 

anhydrides of unsaturated carboxylic acids, such as maleic anhydride, Hymic anhydride™ (endic anhydride), ita- 
conic anhydride and dtraconic anhydride; 

esters of unsaturated carboxylic adds, such as methyl acrylate. methyl methacryiate. ethyl aery late, ethyl methacr- 
ylate, glycidyl acrylate, monoethyl maieate, diethyl maleate, monomethyl fumarate, dimethyl fumarate, monomethyl 
itacohate and diethyl itaconate; 

amides of unsaturated carboxylic acids, such as acrylamide, methacrylamide. maleic acid monoamide, maleic add 
diamide. maleic add^N-monoethylamide, maleic acid-N.N-diethylamide, maleic acid-N-monobutylamide. maleic 
acid-N,N-ditMJtylamide, fumaric acid monoamide, fumaric add diamide, fumaric acid-N-monobutylamide and 
fumaric acid-N,N<libutylamide; 
«^ imides of unsaturated carboxylic acids, such as malelmide, N-butylmaleimide and N-phenylmaleimide; and 

metallic salts of unsaturated carboxylic acids, such as sodium acrylate, sodium methacryiate. potassium acrylate 
and potassium methacryiate. 

Of these, most preferable are maleic anhydride and Hymic anhydride™. 
4'. The graft modification can be carried out by conventional methods. For example, there are known a method of add- 

ing the unsaturated carboxylic acid or its derivative to the molten ethylene/oc-olefin copolymer [A1] to perform graft 
copolymerisation or a method of adding the unsaturated carboxylic add or its derivative to the ethylene/a-olefin copol- 
ymer [A1] having been dissolved in a solvent to perform graft copolymerisation. In each method, it is desirable to initiate 
the graft copolymerization reaction in the presence of a radical initiator so as to eff icientiy copolymerize the ethylene/a- 
olefin copolymer [A1] with tiie unsaturated carboxylic acid or its derivative as the graft monomer. 

Examples of the radical initiators employable herein include organic peroxides and organic peresters, such as ben- 
zoyl peroxide, dichlorobenzoyi peroxide, dicumyl peroxide, di-t-butyl peroxide, 2.5-dimethyl-2,5-di(peroxyben- 
zoate)hexyne-3, 1 ,4-bis(t-butylperoxyisopropyl)benzene, lauroyl peroxide, t-butyl peracetate, 2.5-dimethyl-2,5-di(t- 
butylperoxy)hexyne-3, 2.5-dimethyl-2.5-di(t-butylperoxy)hexane. t-butyl perbenzoate. t-butylperphenyl acetate, t-butyl 
55 perisobutyrate, t-butyl per-sec-octoate, t-butyl perpivalate, cumyl perpivalate and t-butyl perdiethylacetate; and azo 
compounds, such as azobisisobutyronitrile and dimethyl azoisobutyrate. Of these, preferable are dialkyi peroxides, 
such as dicumyl peroxide, di-t-butyl peroxide, 2,S-dimethyl-2,5-di(t-butylperoxy)hexyne-3, 2.5-dimethyl-2,5-di(t-butylp- 
erQxy)hexane and 1,4-bis(t-butylperoxyisopropyl)benzehe. 
- The radical initiator is used in an amount of usually 0.001 to 1 part by weight based on TOO parts by weight of the 
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ethylene/a-olefin copolymer [A1]. 

The graft reaction may be conducted in the presence of other monomers such as styrene. 
The graft modification is carried out by reacting the above components at a temperature of usually 60 to 350 **C, 
preferably 150 to 300 **C, for a period o1 3 minutes to 10 hours, preferably 3 minutes to 6 hours. 
5 In the modified ethylene/a-olefin copolymer [A2] prepared as above, the graft quantity of the graft group derived 

from the unsaturated carboxyiic acid or its derivative is in the range of usually 0.1 to 5.0 % by weight, preferably 0.5 to 
; 3.5 % by weight. It is preferable that the graft quantity Is adjusted so as to be within the range of 0.0001 to 5 % by weight 
based on the whole adhesive ethylene copolymer resin composition of the invention. From the viewpoint of industrial 
production, it is preferable that a modified ethylene/a-otefin copolymer [A2] having a graft quantity of 0.01 to 6 % by 
10 weight is previously prepared and then this modified ethytene/a-olef in copolymer [A2] is blended with the ethylene/a- 
olefin copolymer [A1 ] to adjust the graft quantity. Owing to this method, the graft quantity in the conrposition can be eas- 
ily adjusted. The graft modification may be carried out by adding the unsaturated cart^oxylic acid or its derivative to the 
ethylene/a-olefin copolymer resin [Al] in such an amount that the atjove-mentioned graft quantity based on the aimed 
adhesive ethylene copolymer resin composition is obtained. 

15 

Tackff ier [B] 

The tackifier [B] for use in the invention is a solid amorphous polymer, and is used in various fields such as fields 
of adhesive tapes, paints and hot melt adhesives. As the tackif iers, the below-described various resins are employable. 
20 and they are classified based on the difference in the kinds of the starting monomers to be polymerized. 
For example, there can be mentioned: 

aliphatic hydrocarbon resins prepared by using, as main starting materials, a C4 fraction and a C5 fraction obtained 
by cracking petroleum, naphtha or the like, mixtures thereof, and isoprene and 1 .3-pentadiene in an optional frac- 
as tion thereof such as a C5 fraction; 

aromatic hydrocarbon resins prepared by using, as main starting materials, styrene derivatives and irKlenes in a Cg 
fraction obtained by cracking petroleum, naphtha or the like: aliphatic/aromatic copolymerization hydrocartxjn res- 
ins prepared by copolymerising an optional fraction of a C4 fraction and a C5 fraction with a Cg fraction: 
alicyclic hydrocarbon resins prepared by hydrogenating aromatic hydrocait>on reans; 
30 synthetic terpene hydrocarbon resins having structures containing aliphatic, alicyclic and aromatic hydrocarbon 
resins; 

terpene hydrocarbon resins pr^ared by using, as starting materials, cx,p-pinenes in turpentine oil; 
coumarone-indene hydrocarbon resins pr^sared t>y using, as starting materials, indenes and styrenes in coal tar 
naphtha; 

35 low-molecular weight styrene resins; and 
rosin hydrocartx)n resins. 

Of these tackifiers, the aliphatic hydrocarbon resins and the alicyclic hydrocarbon resins prepared by hydrogenat- 
ing aromatic hydrocarbon resins are preferatrfe. because they have good di^ersibility in the ethylene/a-oiefin copoly- 
40 mer resin [Al], the ethylene homopolymer [C1], the ethylene/a-olefin copolymer [C2] and their modified products ([A2], 
[C3] and [C4]). Among them, more preferable are alicyclic hydrocart>on resins having a softening point (measured by a 
ring and baJI method) of 105 to 150 "C, preferably 1 10 to 140 **c. and having a hydrogenation degree of aromatic g'roups 
of not less than 80 %. preferably not less than 85 %. 

45 Ethylene homopoivmer [CI] and 
ethvlene/q-olgfin copolvmer rC21 



Each of the ethylene homopolymer [C1] and the ethylene/ct-olefin copolymer [C2] comprising ethylene and an a- 
olefin of 3 to 20 carbon atoms for use in the invention has a density of 0.900 to 0.970 g/cm*^, preferably 0.910 to 0.970 
so g/cm^, and has a melt flow rate (MFR, ASTM D 1238-65T. 190 "C, load of 2.16 kg) of 0.01 to 100 g/10 min, preferably 
0.05 to 50 g/10 min, more preferably 0.1 to 30 g/10 min. 

The density (d) is measured in the following manner. Strands obtained in the measurement of melt flow rate (MFR) 
at 1 90 **C under a load of 2. 1 6 kg are heat treated at 1 20 **C for 1 hour and slowly cooled to room temperature over a 
period of 1 hour. Then, the density is measured by a gradient density tube. 
55 Each of the ethylene homopolymer [CI] and the ethylene/a-olefin copolymer [C2] desirably has a crystallinity, as 
measured by X-ray diffractometry. of not less than 30 %. 

Examples of the a-olefins of 3 to 20 carbon atoms used for forming the ethylene/a-olefin copolymer [C2] include 
propylene. 1-txjtene. 1-pentene. 1-hexene, 4-methyl-1 -p>entene, 1-octene, 1-decene and mixtures thereof. Of these, a- 
olefins of 3 to 10 carbon atoms are particularly preferable. 
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In the invention, the ethylene homopolymer [CI] and the ethylene/a-olefin copolymer [C2] having a specific ethyl- 
ene content are particularly preferably employed. In the ethylene/a-olefrn copolymer [C2], the ethylene content is 
desired to be not less than 60 % by weight and less than 1 00 % by weight, preferably not less than 80 % by weight and 
less than 1 00 % by weight, particularly preferably not less than 90 % by weight and less than 1 00 % by weight, and the 
5 content of the a-olef in of 3 to 20 carbon atoms is desired to be not more than 40 % by weight, preferably not more than 
20 % by weight, particularly preferably not more than 10 % by weight. 

The ethylene homopolymer [CI] and the ethylene/a-olefin copolymer [C2] for use in the invention can be prepared 
by conventional processes using an olefin polymerization catalyst comprising a Group IV transition metal compound 
and an organoaluminum compound, namely, known catalysts such as catalysts of Ti type, V type and 2r type. 

10 

Modified product [C3] of ethylene homopolymer [CI] and 
modified product [C4] of ethvlene/aolef in copolymer [C21 

The modified product [C3] of the ethylene homopolymer and the modified product [C4] of the ethylene/a-olefin 
75 copolymer for use in the invention are obtained by grafting an unsaturated carboxylic acid or its derivative on the ethyl- 
ene homopolymer [01] and the ethylene/a-olefin copolymer [C2], respectively. 

Examples of the unsaturated carboxylic acids and their derivatives are the same compounds as described above 
for the modified ethylene/a-olefin copolymer [/\2]. 

The graft modification can be carried out by conventional methods. For example, there are known a method of add- 
so ing the unsaturated carboxylic acid or its derivative to the molten ethylene homopolymer [CI] or the molten ethylene/a- 
olefin copolymer [C2] to perform graft copolymerization or a method of adding the unsaturated carboxylic acid or its 
derivative to the ethylene homopolymer [01] or the ethylene/a-olefin copolymer [02] each having been dissolved in a 
solvent to perform graft copolymerization. In each method, it is desirable to initiate the graft copolymerization reaction 
In the presence of a radical initiator so as to efficiently copolymerize the ethylene homopolymer [CI] or the ethylene/a- 
25 olefin copolymer [C2] with the unsaturated carboxylic acid or its derivative as the graft monomer 

Examples of the radical initiators are the same organic peroxides and organic peresters as described above for the 
modified ethylene/a-olefin copolymer [A2]. 

The radical initiator is used in an amount of usually 0.001 to 1 part by weight based on 100 parts by weight of the 
ethylene homopolymer [CI] or the ethylene/a-olefin copolymer [02]. 
30 The graft reaction may be conducted In the copresence of other monomers such as styrene. 

The graft modification is carried out by reacting the above components at a temperature of usually 60 to 350 *0, 
preferably 150 to 300 °0, for a period of 3 minutes to 10 hours, preferably 3 minutes to 6 hours. 

In the modified ethylene homopolymer [03] or the modified ethylene/a-olefin copolymer [04] prepared as above, 
the graft quantity of the graft group derived from the unsaturated carboxylic add or its derivative is in the range of usu- 
35 ally 0.1 to 5.0 % by weight, preferably 0.5 to 3.0 % by weight. It is preferable that the graft quantity is adjusted so as to 
be within the range of 0.0001 to 5 % by weight based on the whole adhesive ethylene copolymer resin composition of 
the invention. 

Ethvlene/vinvi acetate copolymer [D] 

40 

The ethylene/vlnyl acetate copolymer [D] for use in the invention has the following properties. 

(i) The melt flow rate (MFR. ASTM D 1 238-65T, 1 90 ''C. load of 2. 1 6 kg) of the ethylene/vinyl acetate copolymer [D] 
is in the range of 0.1 to 50 g/10 min, preferably 0.3 to 30 g/10 min. 
45 (ii) The vinyl acetate contertt in the ethylene/vinyl acetate copolymer [D] is in the range of 5 to 40 % by weight, pref- 

erably 10 to 35 % by weight. 

Unmodified linear ethvlene/g-olefin copolymer [El] 

50 The unmodified linear ethyl ene/a-olef in copolymer [El] for use in the invention is a random copolymer of ethylene 
and an a-olefin of 3 to 20 carbon atoms. 

Examples of the a-olef ins of 3 to 20 cartxjn atoms copolymerizable with ethylene include propylene, 1-butene, 1- 
pentene. 1-hexene, 4-methyl-l-pentene, 1-octene, 1-decene, 1-dodecene. l-tetradecene, 1-hexadecene, 1-octa- 
decene and 1 -eicosene. 

55 In the ethylene/a-olefin copolymer [El], the ethylene content is usually 55 to 99 % by weight, preferably 65 to 98 % 
by weight, more preferably 70 to 96 % by weight, and the content of the a-olefin of 3 to 20 carbon atoms is usually 1 to 
45 % by weight, preferably 2 to 35 % by weight, more preferably 4 to 30 % by weight. 

The composition of the ethylene/a-otefin copolymer [El] can be determined in the same manner as described 
above for the ethylene/a-olefin copolymer [At]. 
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The ethylene/a-olefin copolymer [El] has the fdlowing properties (i) and (ii). 

(i) The density (d) is in the range of 0.900 to 0.965 g/cm^, preferably 0.905 to 0.935 g/cm^. more preferably 0.905 
to 0.930 g/cm^. 

5 The density (d) is measured In the following manner. Strands obtained in the measurement of melt flow rate 

(MFR) at 190 **C under a load of 2.16 kg are heat treated at 120 for 1 hour and slowly cooled to room tempera- 
ture over a period of 1 hour. Then, the density is measured by a gradient density tube. 

(ii) The melt flow rate (MFR) is in the range of 0.01 to 200 g/10 min, preferably 0.05 to 50 g/1 0 min, more preferably 
0.1 to 10 g/iO min. 

10 The melt flow rate (MFR) is measured under the conditions of a temperature of 190 *C and a load of 2.16 kg 

in accordance with ASTM D 1238-65T. 

The unmodified ethyl ene/a-oleff in copolymer [El] for use in the invention preferably is a linear etfiylene/a-olefin 
copolymer having the above-defined density and melt flow rate and further having the following properties (iii) to (v). 

(iii) The temperature (Tm (*C)) at the position of the maximum peak of an endotherm curve of the copolymer meas- 
15 ured by a differential scanning calorimeter (DSC) and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

preferably Tm < 450 x d - 297, 

more preferably Tm < 500 x d - 344, 

particularly preferably Tm < 550 x d - 391 . 

The temperature (Tm ("C)) at the maximum peak position of an erKJotherm curve measured by a differential 
scanning calorimeter (DSC) is found in an endotherm curve which is obtained by heating a sample of about 5 mg 
up to 200 *C at a rate of 10 ^C/min in an aluminum pan. maintaining the sample at 200 'C for 5 minutes, cooling it 
to room temperature at a rate of 20 **C/min and heating it at a rate of 10 **C/min. In the measurement, an apparatus 
of DSC-7 model manufactured by Perkin Elmer Co. was used. 
X (iv) The melt tension (MT (g)) and the melt flow rate (MFR) satisfy the relation 

MT^2.2 X MFR"^^. 

The melt tension (MT (g)) is determined by measuring a stress given when a molten polymer is stretched at a 
constant rate in the same manner as in the measurement of MT of the ethylene/a-olefin copolymer [A1]. 
(v) The quantity fraction (W (% by weight)) of a decane-soluble component of the copolymer at 23 **C (room tem- 
perature) and the density (d) satisfy the relation 
m the case of MFR ^ 1 0 g/10 min: 

* W < 80 X exp(-100(d-0.88)) + 0.1 . 

preferably W < 60 x exp(-100(d-0.88)) + 0.1 , 

rrxDre preferably W < 40 x exp(-100(d-0.88)) + 0.1 , 

in the case of MFR > 10 g/10 min: 

W < 80 x (MFR-9) ^® X exp(-100(d-0.88)) + 0. 1 . 

5^' The quantity fraction of a n-decane-solubte component is measured in the following manner. About 3 g of a copol- 

ymer is added to 450 ml of n-decane, dissolved therein at 145 **C and cooled to room temperature. Then, the n-decane- 
insolutjle portion is removed by filtration, and the n-decane-soluble portion is recovered from the filtrate. A copolymer 
having a small quarttity fraction of a soluble component has a narrow composition distribution. 

The ethylene/a-olefin copolymer [El], which has the above relation between the temperature (Tm) at the maximum 

55 peak position of the endotherm curve measured by a differential scanning calorimeter (DSC) and the density (d) and 
has the above relation between the quantity fraction (W) of the n-decane-solubl component and the density (d), shows 
a narrow composition distribution. 

The number of the unsaturated bonds present in molecules of the ethylene/a-olefin copolymer [El] is desirably not 
more than 0.5 per 1 ,000 carbon atoms, and it is desirably not more ttian 1 per one molecule of the copolymer. 
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The quantitative determination of the unsaturated bonds Is made in the same manner as described above for the 
ethy lene/a-olef In copolymer [A1]. 

The B value of the ethylene/a-olefin copolymer [El] desirably satisfies the condition of 

5 1 .00 ^ B. 

preferably 1.01 ^ B ^ 1.50, 

more preferably 1.01 ^ B ^ 1.30. 

10 

B = Poe/2Po-Pe 

wherein Pe is a molar fraction of the ethylene component contained In the copolymer, Pq is a molar fraction of the a- 
olef in component contained in the copolymer, and Pqe »s a proportion of the ethylene/a-olefin sequences to all the dyad 
15 sequences in the copolymer. 

The meaning of the B value and the method to obtain the B vale are the same as those described above for the 
ethylene/a-olefin copolymer [A1]. 

The ethylene/a-olefin copolymer [El] can be prepared by, for example, copolymerizing ethylene and an a-olefin of 
3 to 20 carbon atoms in the presence of an olefin polymerization catalyst (a kind of "metallocene compound") formed 
20 from the below-described Group IV transition metal compound (a) containing a ligand having cyclopentadienyl skeleton, 
an organoaluminum oxy-compound (b). and optionally, a carrier (c) and an organoaluminum conrpound (d) in such a 
manner that the resulting copolymer has a density of 0.900 to 0,965 g/cm^. 

The transition metal compound (a) used in the invention is represented by the following formula (IV): 

25 MLx (IV) 

wherein M is a transition metal atom selected from Group IVB of the periodic table, 

Lisa ligand coordinated to the transition metal atom M, at least two of the ligands L are each a cyclopentadienyl 
30 group, a methylcyclopentadienyl group, an ethylcyclopentadienyl group or a substituted cyclopentadienyl group 
having at least one substituent selected from hydrocarbon groups of 3 to 10 cartxjn atoms, the ligand L other than 
the (substituted) cyclopentadienyl group is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an ary- 
loxy group, a trialkylsilyl group, a halogen atom or a hydrogen atom, and 
X is a valence of the transition metal atom M. 

35 

In the formula (IV), M is a transition metal atom selected from Group IVB of the periodic table, specifically, zirco- 
nium, titanium or hafnium, preferably zirconium. 

L is a ligand coordinated to the transition metal atom M, and at least two of the ligands L are each a cyclopentadi- 
enyl group, a methylcyclopentadienyl group, an ethylcyclopentadienyl group or a substituted cyclopentadienyl group 
40 having at least one substituent selected from hydrocarbon groups of 3 to 1 0 carbon atoms. The ligand L other than the 
(substituted) cyclopentadienyl group is a hydrocarbon group of 1 to 1 2 carbon atoms, an alkoxy group, an aryloxy group, 
a trialkylsilyl group, a halogen atom or a hydrogen atom. 

The substituted cyclopentadienyl group may have two or more substituents, and the two or more substituents may 
be the same as or different from each other. When the substituted cyclopentadienyl group have two or more substitu- 
45 ents. at least one substituent is a hydrocarbon group of 3 to 10 carbon atoms, and other substituents may be each 
methyl, ethyl or a hydrocarbon group of 3 to 10 carbon atoms. The substituted cyclopentadienyl groups coordinated to 
M may be the same as or different from each other. 

Examples of the hydrocarbon groups of 3 to 10 carbon atoms include alkyl groups, cycloalkyi groups, aryl groups 
and aralkyl groups. More specifically, there can be mentioned alkyl groups, such as n-propyl. isopropyl, n-butyl. isobutyl, 
so sec-butyl, t-butyl, perrtyl, hexyl, octyl, 2-ethylhexyl and decyl; cycloalkyi groups, such as cyclopentyl and cyclohexyl; aryl 
groups, such as phenyl and tolyl; and aralkyl groups, such as benzyl and neophyl. 

Of these, preferable are alkyl groups, and particularly preferable are n-propyl and n-butyl. 

in the present invention, the (substituted) cyclopentadienyl group coordinated to the transition metal is preferably a 
substituted cyclopentadienyl group, more preferably a cyclopentadienyl group substituted with an alkyl group of 3 or 
55 more carbon atoms, still more preferably a di -substituted cyclopentadienyl group, particularly preferably a 1.3-substi- 
tuted cyclopentadienyl group. 

In the formula (IV), the ligand L other than the substituted cyclopentadienyl group coordinated to the transition 
metal atom M is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a trialkylsilyl group, 
a halogen atom or a hydrogen atom _ ^ . . 
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Examples of the hydrocarbon groups of 1 to 12 carbon atoms include atkyi groups, cycloalkyi groups, aryl groups 
ar^j aralkyi groups. More specifically, there can be mentioned alkyl-groups, such as methyl, ethyl, n-propyt. isopropyt. 
n-butyl. isobutyl, sec-butyl, t-txityl, pentyl, hexyl, octyl, 2-ethylhexyl and decyl; cycloalkyi groups, such as cyclopentyl 
and cydohexyl; aryl groups, such as phenyl and tolyl; and aralkyi groups, such as benzyl and neophyl. 
5 Examples of the alkoxy groups include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, s c-butoxy, t- 

butoxy, pentoxy, hexoxy and octoxy. 

Examples of the aryloxy groups include phenoxy. 

Examples of the trialkylsilyl groups include trimethylsilyl, triethylsilyl and triphenylsilyl. 
Examples of the halogen atoms include fluorine, chlorine, bromine and iodine. 
10 Listed below are examples of the transition metal compounds represented by the fornriula (tV)- 

Bis(cyclopentadienyl)zirconium dichloride, 

Bis(methylcyclopentadienyl)zirconium dichloride, 

Bis(ethylcyctopentadienyl)zirconium dichloride, 
15 Bis(n-propylcyclopentadienyl)zirconium dichloride. 

Bis(n-butylcyclopentadienyl)zirconium dichloride. 

Bis(n-hexylcyclopentadienyl)zirconium dichloride, 

Bis(methyl-n-propylcyclopentadienyl)zirconium dichloride, 

Bis(methyl-n-butylcyclopentadienylzirconium dichloride, 
20 Bis{dimethyl-n-butylcyclopentadienyl)zirconium dichloride. 

Bis(n-butylcyclopentadienyl)zirconium dibromide, 

Bis(n-butylcyclopentadienyl)zirconium methoxychloride, 

Bis(n-butylcyclopentadienyl)zirconium ethoxychloride, 

Bis(n-butylcyclopentadienyl)zlrconium butoxychloride, 
25 Bis(n-butylcyclopentadienyl)zirconium ethoxide, 

Bis(n-butylcyclopentadienyl)zirconium methylchloride, 

Bis(n-butylcyclopentadienyl)zirconium dimethyl, 

Bis(n-butylcycloperttadienyl)zirconium benzylchloride. 

Bis(n-butylcyclopentadienyl)zirconium dibenzyl, 
30 Bis(n-butylcyclopentadienyl)zirconiumphenylchloride, 

Bis(n-butylcyclopentadienyl)zirconium hydride chloride, 

Bis(1 -methyl-3-n-propylcyclopentadienyl)zirconium dichloride, and 

Bis(1-methyl-3-n-butylcyclopentadienyl)zirconium dichloride. 

35 In the above examples, the di-substituted cyclopentadienyt rings include 1 ,2-substituted cyclopentadienyl rings and 
1,3-substituted cyclopentadienyl rings. The tri-substituted cyclopentadienyl rings include 1 .2,3-substituted cyclopenta- 
dienyl rings and 1,2,4-substitutedeyclopentadienyl rings. 

Also employable are transition metal compounds wherein zirconium is replaced wcth titanium or hafnium in the 
eit)Ove-exemplifled zirconium conpounds. 

40 Of the transition metal compounds represented by the formula (IV}, particularly preferable are: 

bis(n-propyicyclopentadienyl)zirconlum dichloride, 
t)is(n-butylcyclopentadienyl)zirconium dichloride, 
bis(1 -methyl-3-n-propylcyclopentacfienyl)zirconium dichloride, and 
45' bis(1-meithyl-3-n-butylcyclopentadienyl)zirconium dichloride. 

Next, the organoaluminum oxy-compound (b) is described. 

The organoaluminum oxy-compound (b) for forming the olefin polymerization catalyst used in the preparation of the 
unmodified ethylene/a-olefin copolymer [E1] may be a benzene-soluble aluminoxane conventionally known or a ben- 
50 zene-insoluble organoaluminum oxy-connpound disclosed in Japanese Patent Laid-Open Publication No. 276807/1 990. 
Details of the organoaluminum oxy-compound (b) are as described above in the preparation of the unmodified ethyl- 
ene/a-olefin copolymer [A1]. 

The catalyst used in the invention is formed from the metallocene type transition metal compound (a) and the orga- 
noaluminum oxy-conrrpound (b). but if necessary, a carrier (c) and an organoaluminum compound (d) may be further 
55 used to form the catalyst. 

Details of the carrier (c) and the organoaluminum compound (d) are as described above in the preparation of the 
unmodified ethylene/a-olefin copolymer [A1]. 

The olefin polymerization catalyst used for preparing the ethylene/a-olefin copolymer [El] is prepared by contact- 
ing the metallocene type transition metal compound (a) with the organoaluminum oxy-corrpound (b), and optionally, the 
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carrier (c) and the organoaluminum compound (d). 

The components (a) to (d) may be contacted in any order, but preferably the carrier (c) is first contacted with the 
organoaluminum oxy-compound (b), then with the transition metal compound (a), and then if necessary, with the orga- 
noaluminum compound (d). 

5 The contact of the components (a) to (d) can be carried out in an inert hydrocarbon solvent. Examples of the inert 

hydrocarbon solvents used for preparing the catalyst include aliphatic hydrocarbons, such as propane, butane, pen- 
tane. hexane, heptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons, such as cyclopentane, 
cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; halogenated 
hydrocaibons, such as ethylene chloride, chlorobenzene and dichtoromethane; and mixtures of these hydrocarbons. 

10 In the contact of the transition metal compound (a), the organoaluminum oxy-compound (b), the carrier (c) and the 
organoaluminum compound (d), the transition metal compound (a) is used in an amount of usually 5 x 10"^ to 5 x 10"^ 
mol, preferably 10*^ to 2 x 10"^ mol, based on 1 g of the carrier (c), and the concentration of the transition metal com- 
pound (a) is in the range of about 10"* to 2 x 10'^ mol/llter, preferably 2 x 10'^ to 10'^ mol/liter. The atomic ratio (Al/tran- 
sition metal) of aluminum in the organoaluminum oxy-compound (b) to the transition metal in the transition metal 

75 compound (a) is usually 10 to 500, preferably 20 to 200. The atomic ratio (AI-d/AI-b) of the aluminum atom (Al-d) in the 
optionally used organoaluminum compound (d) to the aluminum atom (Al-b) in the organoaluminum oxy-compound (b) 
is usually 0.02 to 3, preferably 0.05 to 1 .5. These catalyst components are contacted at a temperature of usually -50 to 
1 50 *'C, preferably -20 to 1 20 "C, for a period of 1 minute to 50 hours, preferably 10 minutes to 25 hours. 

In the olefin polymerisation catalyst, it is desired that the transition metal atom derived from the transition metal 

20 compound (a) is supported in an amount of 5 x 1 0*® to 5 x 1 0""* g • atom, preferably 1 0"^ to 2 x 1 0 "^ g • atom, based on 
1 g of the carrier, and the aluminum atom derived from the organoaluminum oxy-compound (b) and the organoalumi- 
num compound (d) is supported in an amount of 10"^ to 5 x 10"^ g • atom, preferably 2 x 10'^ to 2 x 1 0"^ g • atom, based 
on 1 g of the carrier (c). 

The catalyst used for preparing the ethyl ene/a-olef in copolymer [El] may be a prepolymerised catalyst obtained by 
25 prepolymerizing an olefin in the presence of the transition metal compound (a), the organoaluminum oxy-compound (b), 
the carrier (c), and optionally, the organoaluminum conpound (d). 

The prepolymerization can be carried out by introducing an olefin into an inert hydrocarbon solvent in the presence 
of the prepdymerized catalyst components. 

Examples of the olefins used in the prepolymerization include ethylene and a-olefins of 3 to 20 carbon atoms such 
30 as propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene and 1-tetra- 
decene. Of these, particularly preferable is ethylene, which is used in the polymerization^ or a combination of ethylene 
and the a-olefin. 

In the prepolymerization, the concentration of the transition metal compound (a) is in the range of usually 10"^ to 2 
X 10"^ mol/iiter, preferably 5 x 10'^ to 10"^ mot/liter, and the transition metal compound (a) is used in an amount of usu- 

35 ally 5 X 1 0"® to 5 X 1 0"^ mol, preferably 1 0'^ to 2 x 1 0'^ mol, based on 1 g of the carrier (c) . The atomic ratio (Ai/transition 
metal) of aluminum in the organoaluminum oxy-compound (b) to the transition metal in the transition metal compound 
(a) is usually 10 to 500, preferably 20 to 200. The atomic ratio (AI-d/Ai-b) of the aluminum atom (Al-d) in the optionally 
used organoaluminum compound (d) to the aluminum atom (Al-b) in the organoaluminum oxy-compound (b) is usually 
0.02 to 3. preferably 0.05 to 1 .5. The prepolymerization temperature is -20 to 80 "C, preferably 0 to 60 *'C, and the pre- 

40 polymerization time is 0.5 to 100 hours, preferataly 1 to 50 hours. 

The prepolymerized catalyst is prepared by, for example, the following process. The cannier (c) is suspended in an 
inert hydrocarbon solvent. To the resulting suspension is added the organoaluminum oxy-compound (b) to react them 
for a given period of time. Then, the supernatant liquid is removed, and the resulting solid is resuspended in an inert 
hydrocartx)n solvent. To the system, the transition metal compound (a) is added to perform reaction tor a given period 

45 of time. Then, the supernatant liquid is removed to obtain a solid catalyst component. The solid catalyst component is 
added to an inert hydrocartx>n solution of the organoaluminum compound (d), and thereto is introduced an olefin to 
obtain a prepolymerized catalyst. 

The amount of an olefin polymer produced in the prepolymerization is desirably 0.1 to 500 g, preferably 0.2 to 300 
g, more preferably 0.5 to 200 g, based on 1 g of the carrier (c). In the prepolymerized catalyst, it is desired that the tran- 

50 sition metal atom (a) is supported in an amount of 5 x 10"® to 5 x 10""^ g • atom, preferably 10'^ to 2 x lO"** g • atom, in 
terms of the transition metal atom, based on 1 g of the carrier (c), and the aluminum atom (Al) derived from the orga- 
noaluminum oxy-compound (b) and the organoaluminum compound (d) is supported in such an amount that the molar 
ratio (Al/M) of the aluminum atom (Al) to the transition metal atom (M) derived from the transition metal compound (a) 
is 5 to 200, preferably 1 0 to 1 50. 

55 The prepolymerization can be carried out by any of t^atchwise and continuous processes, and it can be carried out 
under reduced pressure, atmospheric pressure or pressure. In the prepolymerization, it is desired that a prepolymer 
having an intrinsic viscosity [r|], as measured in decalin at 135 *'C, of 0.2 to 7 dl/g, preferably 0.5 to 5 di/g, is produced 
by allowing hydrogen to coexist in the system. 

The unmodified ethylene/a-olefin copolymer [El] for use in the invention is obtained by copolymerizing -ethylene 
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and an a-olef in of 3 to 20 carbon atoms in the presence of the catalyst mentioned above. 

The copolymerization of ethylene and the a-olefin is canied out in a gas phase or a liquid phase such as slurry. In 
the slurry polymerization, an inert hydrocartx>n may be used as a solvent or the olefin Itself may be used as the solvent. 

Examples of the inert hydrocarbon solvents used in the slurry polyme-ization include aliphatic hydrocarbons, such 
5 as butane, isobutane, pentane, hexane, octane, decane, dodecane. hexadecane and octadecane; alicyclic hydrocar- 
bons, such as cydopentane, methylcydopentane. cyclbhexane and cyclooctane; arorriatic hydrocarbons, such as ben- 
zene, toluene and xylene; and petroleum fractions, such as gasoline, kerosine and gas oil. Of these inert hydrocarbon 
media, preferable are aliphatic hydrocarbons, alicyclic hydrocarbons and petroleum fractions. 

In the slun-y polymerization or the gas phase polymerization, the catalyst Is desirably used in such an amount that 
10 the concentration of the transition metal atom in the polymerization reaction system is usually 10"® to 10'^ g • atom/liter, 
preferably 10"^ to 10^ g • atom/liter. 

In the polymerization, the same organoaluminum oxy-compound as the organoaluminum oxy-compound (b) and/or 
the organoaluminum compound (d) may be added. In this case, the atomic ratio (Al/M) of the aluminum atom (Al) 
derived from the organoaluminum oxy-compound arrcl the organoaluminum compound to the transition metal atom (M) 
15 derived from the transition metal compound (a) is 5 to 300, preferably 10 to 200, more preferably 15 to 150. 

In the slurry polymerization, the polymerization temperature is in the range of usually -50 to 100 ^'C, preferably 0 to 
90 "C. In the gas phase polymerization, the polymerization temperature is in the range of usually 0 to 120 **C, preferably 
20 to 100 **C- 

The polymerization pressure is in the range of usually atmospheric pressure to 100 kg/cm^. preferably 2 to 50 
20 kg/cm^. The polymerization can be carried out by any of batchwise, semi-continuous and continuous processes. 
Further, the polymerization may be conducted in two or more stages under different reaction conditions. 

Modified ethylene/a-olef in copolymer [E2] 

25 The modified ethylene/ot-olefin copolymer [E2] for use in the invention is obtained by grafting an unsaturated car- 

boxylic acid or its derivative on the above-described ethylene/a-olefin copolymer [El]. 

Examples of the unsaturated cari^oxylic acids and their derivatives include unsaturated carboxyllc acids, such as 

acrylic acid, methacrylic acid, a-ethylaaylic acid, maleic acid, fumaric acid, itaconic add, crtraconic acid, tetrahydroph- 

thalicacid. methyltetrahydrophthalic acid and endo-cis-bicyclo[2,2,1]-hepto-5-ene-2,3-dicarboxylic acid (Nadic add™); 
30 and derivatives, such as add halides. amides, imides. anhydrides and esters of the unsaturated carboxylic acids. Qf. 

these, preferable are unsaturated dicarboxylic acids and anhydrides thereof, and particularly preferable are maleic acid. 

Nadic acid™ and anhydrides thereof. 

The graft modification can be carried out by conventional methods. For example, the ethylene/aolefin copolymer 

[El] is dissolved in an organic solvent, and to the resulting solution is addjed the unsaturated carboxylic acid or its deriv- 
35 ative, a radical initiator, etc. to perfonm reaction at 70 to 200 *'C, preferably 80 to 190 **C for 0.5 to 15 hours, preferably 

1 to 10 hours. 

As the organic solvent, various organic sdvents are employable without any specific limitation, as far as they can 
dissolve the ethylene/a-olefin copolymer [El]. 

Exannples of the organic solvents include aromatic hydrocarbon solvents, such as benzene, toluene and xylene; 
40 and aliphatic hydrocarbon solvents, such as pentane, hexane and heptane. 

The graft modified ethylene/a-olefin copolymer [E2] may be prepared by reacting the ethylene/a-oiefin copolymer 
[El] with the unsaturated carboxylic acid or its derivative in the absence of a solvent using an extruder or the like. In this 
case, the reaction temperature is usually not lower than the melting pdnt of the ethylene/a-olefin copolymer [El J, spe- 
cifically 120 to 250 **C. The reaction time under such temperature conditions is usually 0.5 to 1 0 minutes. 
45 In any of the conventional graft modification methods, the reaction is preferably carried out in the presence of a rad- 

ical initiator so as to efficiently graft copolymerize the ethylene/a-olefin copolymer [El] with the unsaturated cartDoxylic 
acid or its derivative as the graft monomer. 

Examples of the radical initiators are as described above for the nfK>dif ied ethylene/a-olefin copolymer [/\2]. 

The radical initiator is used in an amount of usually 0.001 to 1 part by weight based on 100 parts by weight of the 
so ethylene/a-olefin copolymer [El]. 

The graft reaction is carried out at a temperature of usually 60 to 350 **C- 

In the modified ethylene/a-olefin copolymer [E2] prepared as above, the graft quantity of the graft group derived 
from the unsaturated carboxylic acid or its derivative is in the range of usually 0.01 to 20 % by weight, preferably 0.05 
to 1 0 % by weight more preferably 0.1 to 5 % by weight. 

55 ^ 

Olefin elastomer TR 

The oletfin elastomer [F] for use in the invention is a (co)polymer of ethylene and/or an a-olefin having 3 to 20 car- 
bon atoms, and desirably has a density of 0.850 to 0.895 g/cm^, preferably 0.860 to 0.890 g/cm^, and a melt flow rate 
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(MFR, ASTM D 1238-65T 190 °C, load of 2.16 kg) of 0.01 to 200 g/10 min, preferably 0.01 to 100 g/10 min, more pref- 
erably 0.05 to 50 g/10 min. Further, the olefin elastomer [F] desirably has a crystallinity, as measured by X-ray diffrac- 
tometry, of less than 30 % or is amorphous. 

Examples of the a-olefins of 3 to 20 carbon atoms include propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-l- 
5 pentene, 1-octene, 1-decene and mixtures thereof. Of these, particularly preferable are a-defins of 3 to 10 carbon 
atoms. 

In the olefin elastomer [F] for use in the invention, other constituent units than those derived from a-olefin, such as 
constituent units derived from diehe compounds, may be contained, so far as the properties of the olefin elastomer are 
not man-ed. 

10 Examples of the constituent units allowed to be contained in the olefin elastomer [F] include: 

constituent units derived from chain non -conjugated dienes, such as 1,4-hexadiene, 1,6-octadiene, 2-methyl-l .5- 
hexadiene, 6-methyl-1 ,5-heptadiene and 7-methyl-l .6-octadiene; 

constituent units derived from cyclic non -conjugated dienes, such as cyclohexadiene, dicyclopentadiene, methyl- 
15 tetrahydroindene» 5-vinylnort>ornene, 5-ethylidene-2-norbornene, 5-methylene-2-norbornene, 5-isopropylidene-2- 
norbornene and 6-chloromethyl-5-isopropenyl-2-noit>ornene; and 

constituent units derived from other diene oorrpounds, such as 2,3-diisopropylidene-5-norbornene, 2-ethylidene-3- 
isopropylidene-5-norbornene and 2-propenyl-2,2-norbornadiene. 

20 These diene compounds may be used singly or in combination. The constituent units derived from these diene 
compounds are contained in amounts of usually not more than 10 % by mol. preferably 0 to 5 % by mol. 

The olefin elastomer [F] is. for example, a copolymer (ethylene copolymer, a-olefin copolymer) containing constit- 
uent units derived from ethylene in amounts of 0 to 95 % by mol, preferably 30 to 92 % by mol. more preferably 50 to 
90 % by mol, particularly preferably 75 to 95 % by mol, constituent units derived from an a-olefin of 3 to 20 carbon 
25 atoms in amounts of 1 to 1 00 % by mol, preferably 4 to 70 % by mol, more preferably 8 to 50 % by mol, particularly pref- 
erably 10 to 40 % by mol. and constituertt units derived from the diene component in amounts of 0 to 10 % by mol, pref- 
erably 0 to 5 % by moi. more preferably 0 to 3 % by mol, particularly preferably 0 to 2.5 % by mol. 

The olefin elastomer [F] can be prepared by a known process using a catalyst of Ti type, V type or Zr type. 

30 Adhesive ethylene copolymer resin composition 

The first adhesive ethylene copolymer resin composition according to the invention comprises: 

the modified ethylene/a-olefin copolymer [A2]. or the unmodified long-chain branched ethylene/a-olefin copolymer 
35 [A1] and the modified ethylene/a-olefin copolymer [A2], in an amount of 50 to 99 % by weight, preferably 60 to 95 
% by weight, more preferably 70 to 95 % by weight, and 

the tackifier [B] in an amount of 1 to 50 % by weight, preferably 5 to 40 % by weight, more preferably 5 to 30 % by 
weight. Ttie total amount of the components [A1], [A2] and [B] is 100 % by weight. 

40 The first adhesive ethylene copolymer resin Gomp)osition of the invention has the following properties: 

the density (d) is in the range of preferably 0,870 to 0.900 g/cm^, 

the melt flow rate (MFR) at 190 °C under a load of 2.16 kg is in the range of preferably 0.1 to 100 g/10 min. more 
preferably 0.5 to 50 g/1 0 min, 
45 the crystallinity, as measured by X-ray diffractometry, is less than 40 %, preferably less than 30 %, and 

the graft quantity based on the total amount of the composition is in the range of 0.0001 to 5 % by weight. 

The second adhesive ethylene copolymer resin composition according to the invention comprises: 

so at least one component selected from the group consisting of the unmodified long-chain branched ethylene/a-olefin 
copolymer [A1] and the modified ethylene/a-olefin copolymer [A21, in an amount of 49 to 95% by weight, preferably 
58 to 95 % by weight, more preferably 67 to 92 % by weight, 

the tackifier [B] in an amount of 1 to 50 % by weight, preferably 3 to 40 % by weight, more preferably 5 to 30 % by 
weight, and 

55 at least one oonrponent selected from the group consisting of the ethylene homopolymer [CI], the ethylene/a-olefin 
copolymer (C2], the modified ethylene homopolymer [C3] and the modified ethylene/a-olefin copolymer [C4], in an 
amount of 1 to 30 % by weight, preferably 2 to 25 % by weight, more preferably 3 to 20 % by weight, 
said composition containing at least one component selected from the group consisting of the modified ethylene/a- 
olefin copolymer!/^], the modified ethylene homopolymer [C3] and the modified ethylene/a-olefin copolymer [G4]. 
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The total amount of the components [A1], [A2]. [B], [CI]. [C2], [C3] and [C4] is 100 % by weight. 

The second adhesive ethylene copolymer resin composition of the invention has the following properties: 

5 the density (d) is in the range of preferably 0.870 to 0.900 g/cm^, 

the melt flow rate (MFR) at 190 °C under a load of 2.16 kg is in the range of preferably 0.1 to 100 g/10 min, more 
preferably 0.5 to 50 g/10 min. 

the crystallinity, as measured by X-ray diffractometry. is less than 40 %, preferably less than 30 %, and 
the graft quantity based on the total amount of the composition is in the range of 0.0001 to 5 % by weight. 

10 

The third adhesive ethylene copolymer resin composition according to the invention comprises: 

the modified ethylene/a-olefin copolymer [A2]. or the unmodified long-chain branched ethylene/a-olefin copolymer 
[A1] and the modified ethylene/a-olefin copolymer [A2], in an amount of 50 to 95 % by weight, preferably 65 to 90 
15 % by weight, and 

the ethylene/vrnyl acetate copolymer [D] in an amount of 5 to 50 % by weight, preferably 10 to 35 % by weight The 
total amount of the components [Al], [A2] and [D] is 100 % by weight 

The third adhesive ethylene copolymer resin composition of the invention has the following properties: 

20 ^ 

the density (d) is in the range of preferably 0.870 to 0.^0 g/cm^, 

the melt flow rate (MFR) at 190 *C under a load of 2.16 kg is in the range of preferably 0.1 to 100 g/10 min, more 
preferably 0.5 to 50 g/10 min, 

the crystallinity. as measured by X-ray diffractometry, is less than 30 %. and 
25 the graft quantity based on the total amount of the composition is in the range of 0.0001 to 5 % by weight. 

The fourth adhesive ethylene copolymer resin composition according to the invention comprises: 

at least one component selected from the group consisting of the umodified long-chain branched ethylene/a-olefin 
30 copolymer [A1 ] and the rtiodif ied ethylene/a-olefin copolymer [A2] , in an amount of 50 to 95 % by weight, preferably 
55 to 90 % by weight, more preferably 60 to 90 % by weight. 

the ethylene/vinyl acetate copolymer [D] in an amount of 4 to 40 % by weight, preferably 5 to 35 % by weight, more 
preferably 7 to 30 % by weight, and 

at least one component selected from the group consisting of the ethylene homopolymer [CI], the ethylene/a-olefin 
35 copolymer [C2], the modified ethylene homopolymer [C3] and the modified ethylene/a-olefin copolymer [C4]. in an 
anrrount of 1 to 30 % by weight, preferatrfy 2 to 25 % by weight, nrrore preferably 3 to 20 % by weight, 
said conrposition containing at least one component selected from the group consisting of the modified ethyiene/a- 
olefin copolymer [A2], the modified ethylene homopolymer [C3] and the modified ethylene/a-olefin copolymer [C4]. 
The total amount of the components [Al], [A2]. [D], [CI], [C2], [C3] and [C4] is 100 % by weight. 

40 

The fourth adhesive ethylene copolymer resin composition of the invention has the following properties: 
the density (d) is in the range of preferably 0.870 to 0.900 g/cm^, 

the melt flow rate (MFR) at 190 ''C under a load of 2.16 kg is in the range of preferably 0.1 to 100 g/10 min, more 
45 preferably 0.5 to 50 g/10 min, 

the crystallinity, as measured by X-ray diffractometry. is less than 30 %, and 

the graft quantity based on the total amount of the composition is in the range of 0.0001 to 5 % by weight. 

The fifth adhesive ethylene copolymer resin composition according to the invention comprises a blend of the mod- 
$0 if ied ethylene/a-olefin copolymer [E2] and the olefin elastomer [F], or comprises a blend of the unmodified, ethylene/a- 
olefin copolymer [El], the modified ethylene/a-olefin copolymer [E2] and the olefin elastomer [F]. 

The modified ethylene/a-olefin copolymer [E2] is teed in an amount of 50 to 95 % by weight, preferably 60 to 90 % 
by weight, more preferably 55 to 85 % by weight, based on 100 % by weight of the total amount of the nrradrfied ethyl- 
ene/a-olefin copolymer [E2] and the olefin elastomer [F]. 
55 The unmodified ethylene/a-olefin copolymer [E1] can be used in place of a part of the modified ethylene/a-olefin 
copolymer [E2], within limits not prejudicial to the objects of the invention. 

The olefin elastom©- [F] is used in an amount of 5 to 50 % by weight, preferably 10 to 40 % by weight, more pref- 
erably 1 5 to 35 % by weight, based on 100 % by weight of the total amount of the nxxdified ethylene/a-olefin copolymer 
[E2] (or the unmodified ethylene/a-olefin copolymer [El] and the modified ethylene/a-olefin copolymer [E2]) and the 
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olefin elastomer [F]. 

The blend desirably has the following properties: 

the density (d) is in the range of preferably 0.870 to 0.960 g/cm^. more preferably 0.880 to 0.930 g/cm^, particularly 
5 preferably 0-900 to 0.920 g/cm^. 

the melt flow rate (MFR) at 190 "C under a load of 2.16 kg is in the range of preferably 0.01 to 100 g/10 min, more 
preferably 0.05 to 50 g/10 min, particularly preferably 0.1 to 20 g/1 0 min, 

the graft quantity of the graft group derived from the unsaturated carboxylic acid or its derivative is in the range of 
preferably 0.01 to 5 % by weight, more preferably 0.03 to 3 % by weight, particularly preferably 0.05 to 0.5 % by 
10 weight, and 

the crystallinity, as measured by X-ray diffractometry. is not less than 15%, more preferably 20 to 70 % , particularly 
preferably 30 to 60 %. 

The adhesive ethylene copolymer resin corrpositions of the invention can be obtained by processes conventionally 
15 known, such as a process comprising mixing the above components using a Henschel mixer, a V-blender, a rlbtx)n 
blender, a tumbling fc)lender or the like, and a process comprising mixing the above components and melt kneading the 
resulting mixture using a single-screw extruder, a twin-screw extruder, a kneader. a Banbury mixer or the like, followed 
by granulating the kneadate or pulverizing the resin mass. 

To the adhesive ethylene copolymer resin compositions of the invention, various additives, such as weathering sta- 
20 bilizer, heat stabilizer, antistatic agent, anti-slip agent, anti-bk)cking agent, anti-fogging agent, lubricant, pigment, dye, 
anti -corrosive agent, nucleating agent, plasticizer. anti-aging agent, hydrochloric acid absorber and antioxidant, may be 
added in addition to the above components, within limits not prejudicial to the objects of the invention. 

Laminate 

25 

The first laminate according to the invention is a laminate having a layer structure of three layers or a layer structure 
of four or more layers including said three layers, said three-layer structure being formed by superposing a resin 
selected from the group consisting of a polystyrene resin, an ABS resin and a polyacrylonitrile resin, the aforesaid first 
or second adhesive ethylene copolymer resin composition of the invention and an ethylene/vinyl acetate copolymer 
30 saponified resin (EVOH) upon each other in this order in a molten state arxi cooling those resins. 

" Examples of the polystyrene resins include polystyrene, high-irrpact polystyrene (rubber blended polystyrene) and 
AS resin (styrene/acrylonitrile copolymer (SAN)). 

Examples of the ethyleneA^inyl acetate copolymer saponified resins (EVOH) Include a resin obtained by saponify- 
ing an ethyieneA^inyl acetate copolymer having an ethylene content of 15 to 60 % by mol, preferably 25 to 50 % by mol 
35 in such a manner that the resulting saponified resin has a saponification degree of not less than 50 %. preferably not 
less than 90 %. 

There is no specific limitation on the structure of the first laminate of the invention, as far as the aforesaid first or 
second adhesive ethylene copolymer resin composition is employed. If desired, there can be used polyolefin that is 
compatible with the adhesive ethylene copolymer resin composition or polyamide that is adherable to the ethylene/vinyl 
40 acetate copolymer saponified resin (EVOH). For example, the following layer structures are available. 

(i) A laminate of three-layer structure consisting of a polystyrene resin layer, an adhesive ethylene copolymer resin 
composition layer and an EVOH layer. 

(ii) A laminate of five-layer structure consisting of a polystyrene resin layer, an adhesive ethylene copolymer resin 
45 composition layer, an EVOH layer, an adhesive ethylene copolymer resin composition layer and a polystyrene resin 

layer. 

(ill) A laminate of five-layer structure consisting of a polystyrene resin layer, an adhesive ethylene copolymer resin 
composition layer, an EVOH layer, an adhesive ethylene copolymer resin corrposition layer and a polyethylene 
layer. 

so (iv) A laminaite of six-layer structure consisting of a polystyrene resin layer, an adhesive ethylene copolymer resin 
composition layer, an EVOH layer, a polyamide layer, an adhesive ethylene copolymer resin composition layer and 
a polyethylene layer. 

(v) A multi-layer laminate having, as a part of the layer structure, a layer of polystyrene, ABS resin or polyacryioni- 
trile/an adhesive ethylene copolymer resin composition layer/an EVOH layer. 

55 

Any of the layers for forming these laminates may be monoaxially or biaxially orientated. 

In the first laminate of the invention, the thickness of the layer of the polystyrene resin, the ABS resin or the poly- 
acrylonitrile resin is in the range of 0.02 to 5 mm; the thickness of the adhesive ethylene copolymer resin composition 
layer is in the range of 0.01 to 1 mm; and the thickness of the ethylene/vinyl acetate copolymer saponified resin (EVOH) 
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layer is in the range of 0.01 to 1 mm. 

The first laminate of the invention can be produced by a conventional laminating method, for example, a co-extru- 
sion laminating method. 

The second laminate according to the invention is a laminate having a layer structure of three layers or a layer struc- 
5 ture of four or more layers including said three layers, said three-layer structure being formed by superposing a resin 
selected from the group consisting of a polyester resin, a polycarbonate resin and a polyvinylidene chloride resin, the 
aforesaid third or fourth adhesive ethylene ccpolymer resin composition and an ethylene/vinyl acetate copolymer 
saponified resin (EVOH) upon each other in this order in a molten state and cooling those resire. 

The polyester resin is a thermoplastic polyester composed of constituent units derived from one or more dihydroxy 
10 compounds selected from aliphatic glycols, such as ethylene glycol, propylene glycol, 1 .4-butanediol. neopentyl glycol 
and hexamethylene glycol, alicyclic glycols, such as cyclohexanedimethanol, and aromatic dihydroxy compounds, such 
as bisphenol; and constituent units derived from one or more dicarboxylic adds selected from aromatic dicarboxylic 
acids, such as terephthalic acid, isophthalic add and 2,6-naphthalenedicarboxylic acid, aliphatic dicarboxylic adds, 
such as oxalic acid, succinic acid, ^ipic add. sebacic acid and undecanedicarhoxylic add, and alicyclic dicarboxylic 
15 acids, such as hexahydroterephthalic acid. The polyester resin may be modified with a small amount of a polyhydroxy 
compound or a polycarboxylic acid each having 3 or more valences, such as triol or tricarlx)xylic acid. 

Exannples of the thermoplastic polyesters include polyethylene terephthalate, polybutylene terephthalate and a pol- 
yethylene isophthalate/terephthalate copolymer. 

As the polycart>onate resins, various polycarbonates obtained by reacting dihydroxy compounds with phosgene or 
20 diphenyl carbonate in a conventional way are employable. 

Exannples of the dihydroxy compounds include hydroquinone, resorcinol, 4,4'-dihydroxydiphenylmethane, 4,4'- 
dihydroxydiphenylethane, 4,4'-dihydroxydiphenylbutane, 4,4'-dihydroxydiphenylheptane, 4,4'-dihydroxydiphenylphenyl- 
methane. 4,4'-dlhydroxydiphenyl-2,2-propane (bisphenol A), 4,4'-dihydroxy-3,3-dimethyldiphenyl-2,2-propane, 4,4'- 
dihydroxydichlorodiphenyl-2,2-propane, 4.4'-dihydroxydiphenyI-1 , 1 -cydohexane, 4.4*-dihydroxydiphenylmethylphe- 
25 nylmethane. 4.4'-dihydroxydiphenylethylphenylmethane, 4,4'-dihydroxydiphenyt-2.2.2-trichloro-1,1 -ethane, 2.2'-dihy- 
droxydiphenyl. 2.6-dlhydroxynaphthalene, 4.4'-dihydroxydiphenyl ether, 4,4'-dihydroxy-3,3'-dichlorodiphenyl ether and 
4,4'-dihydroxy-2,5'-diethoxyphenyl ether. 

Of these dihydroxy compounds. 4.4*dihydroxydiphenyl-2.2-propane (bisphenol A) is preferable because the result- 
ing polycarbonate exhibits excellent mechanical properties and transparency. 
30 The polyvinylidene chloride resin employable herein is. for example, a copolymer of not less than 50 % by weight 
of vinylidene chloride and either acrylonitrile, vinyl chloride, acrylic ester or methacrylic ester. 

As the ethylene/vinyl acetate copolymer saponified resin (EVOH), the same resin as used in the above-mentioned 
first laminate of the invention is enrployable. 

There is no specific limitation on the structure of the second laminate of the invention, as far as the aforesaid third 
35 or fourth adhesive ethylene copolymer resin composition is employed. If desired, there can be used polyolefin that is 
compatible with the adhesive ethylene copolymer resin composition or polyamide that is adherable to the ethylene/vinyl 
acetate copolymer saponified resin (EVOhl). For example, the following layer structures are available. 

(i) A laminate of three-layer structure consisting of a polyester resin layer, an adhesive ethylene copolymer resin 
40 composition layer and an EVOH layer. 

(ii) A laminate of five-layer structure consisting of a polyester resin layer, an adhesive ethylene copolymer resin 
conrposition layer, an EVOH layer, an adhesive ethylene copolymer resin composition layer and a polyester resin 
layer. 

(iii) A laminate of five-layer structure consisting of a polyester resin layer, an adhesive ethylene copolymer resin 
45 conrtposition layer, an EVOH layer, an adhesive ethylene copolymer resin composition layer and a polyethylene 

layer. 

(iv) A laminate of six-layer structure consisting of a polyester resin layer, an adhesive ethylene copolymer resin 
composition layer, an EVOH layer, a polyamide layer, an adhesive ethylene copolymer resin composition layer and 
a polyethylene layer. 

•so (v) A laminate wherein the polyester resin layer is replaced with a polycartx)nate resin layer or a polyvinylidene 
chloride resin layer in any of the above-mentioned laminates (i) to (iv). 

(vi) A multi-iayer laminate having, as a part of the layer structure, a layer of polyester, polycarbonate resin or poly- 
vinylidene chloride resin/an adhesive ethylene copolymer resin composition layer/an EVOH layer. 

55 Any of the layers for forming these laminates may be monoaxially or biaxially orientated. 

In the second laminate of the invention, the thickness of the layer of the polyester resin, the polycarbonate resin or 
the polyvinylidene chloride resin is in the range of 0.02 to 5 mm; the thickness of the adhesive ethylene copolymer resin 
composition layer is in the range of 0.01 to 1 mm; and the thickness of the ethylene/vinyl acetate copolymer saponified 
resin (EVOH) layer is in the range of 0.01 to 1 mm. - 
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The second laminate of the invention can be produced by a conventional laminating method, for example, a co- 
extrusion laminating method. 

The third laminate according to the invention comprises a layer of the aforesaid fifth adhesive ethylene copolymer 
resin composition and a layer of a polar material or a metal. 
5 Examples of the polar materials preferably used herein include ethylene/vinyl alcohol copolymers, polyamides 

(nylon) and polyesters. 

The metal is usually a metal foil, and examples of the metals include aluminum, iron and copper. 
Described below are some embodiments of the third laminate according to the invention. 

10 (A) A laminate of multi-layer structure comprising an adhesive ethylene copolymer resin composition layer and 
either a nylon layer or an ethylene/vinyl alcohol copolymer layer. 
More specifically, the following ones are availat^le. 

(i) A laminate of two-layer structure consisting of an adhesive ethylene copolymer resin composition layer and 
15 either a nylon layer or an ethylene/vtnyl alcohol copolymer layer, as an inside layer and an outside layer, 

respectively (or as an outside layer and an inside layer, respectively). 

(ii) A laminate of three-layer structure consisting of an adhesive ethylene copolymer resin composition layer, a 
nylon layer and an ethyleneA^rnyl alcohol copolymer layer, one of said layers being an intermediate layer ar>d 
the other layers being an outside layer and an inside layer 

20 (iii) A laminate of multi-layer structure wherein a polymer layer having adhesion properties to any of the adhe- 

sive ethylene copolymer resin composition layer, the nylon layer and the ethyleneA^inyl alcohol copolymer layer 
is further provided in the above-mentioned laminate (i) or (ii). For example, a layer of polyoropylene, polyethyl- 
ene or an ethylene/a-olefin copolymer is given as the polymer layer to be laminated on the adhesive ethylene 
copolymer resin composition layer; a layer of an ethyleneA/inyl alcohol copolymer is given as the polymer layer 

25 to be laminated on the nylon layer; and a layer of nylon or polyester is given as the polymer layer to be lami- 

nated on the ethylene/vinyl alcohol copolymer layer. 

Particular examples of the laminates (iii) of the multi-layer structure include: 

30 a laminate of three-layer structure of a polyethylene layer/an adhesive ethylene copolymer resin composition 

layer/a nylon layer or an ethylene/vinyl alcohol copolymer layer, 

a laminate of three-layer structure of an adhesive ethylene copolymer resin composition layer/an ethyl eneMnyl 
alcohol copolymer layer/a nylon layer, 

a laminate of three-layer structure of an adhesive ethylene copolymer resin composition layer/a nylon layer/an 
35 ethylene/vinyl alcohol copolymer layer, 

a laminate of four-layer structure of a polyethylene layer/an adhesive ethylene copolymer resin composition 
layer/a nylon layer or an ethylene/vinyl alcohol copolymer layer/an adhesive ethylene copolymer resin compo- 
sition layer, 

a laminate of four-layer structure of a polyethylene layer/an adhesive ethylene copolymer resin corrposition 
40 layer/an ethylene/vinyl alcohol copolymer layer/a nylon layer, 

a laminate of four-layer structure of a polyethylene layer/an adhesive ethylene copolymer resin composition 
layer/a nylon layer/an ethylene/vinyl alcohol copolymer layer, and 

a laminate of five-layer structure of a polyethylene layer/an adhesive ethylene copolymer resin corrposition 
layer/a nylon layer or an ethylene/vinyl alcohol copolymer layer/an adhesive ethylene copolymer resin compo- 
45 sition layer/a polyethylene layer. 

/VIso available is a multi-layer laminate having, as a part of the layer structure, an adhesive ethylene copolymer 
resin composition layer/a nylon layer or an ethylene/vinyl alcohol copolymer layer. 

Any of the layers for forming these laminates may be monoaxially or biaxially orientated. 
50 (B) A laminate of mutti-layer structure comprising an adhesive ethylene copolymer resin composition layer and a 

metal foil. 

More specifically, the following ones are available. 

(i) A laminate of two-layer structure of an adhesive ethylene copolymer resin composition layer/a metal foil. 
55 (ii) A laminate of three-layer structure of a polyethylene layer/an adhesive ethylene copolymer resin composi- 

tion layer/a metal foil. 

(iii) A laminate of four-layer structure of a polyethylene layer/an adhesive ethylene copolymer resin composition 
layer/a metal foil/an adhesive ethylene copolymer resin composition layer 

(iv) A laminate of multi-layer structure having, as a part of the layer structure, an adhesive ethylene copolymer 
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resin composition layer/a metai foil 

The third laminate of the invention can be produced by a corwentional laminating method, for example, a co- 
extrusion laminating method, an extrusion coating method or a thermal laminating method. 

5 

EFFECT OF THE INVENTION 

The first and the second adhesive ethylene copolymer resin compositions according to the invention have good 
adhesive force to polystyrene resins, ABS resin, polyacrylonitrile resins and ethyleneMnyl acetate copolymer saponi- 
10 fled resins even in an atmosphere of high temperatures. 

Therefore, the first laminate of the invention, which has a layer of the first or the second adhesive ethylene copoly- 
mer resin composition, shows good adhesive force to the polystyrene resins, ABS resin, polyacrylonitrile resins and the 
ethylene/vinyl acetate copolymer saponified resins even in an atmosphere of high tenrperatures. 

The first laminate of the invention has good moldability, that is a feature of the polystyrene resins, ABS resin and 
15 polyacrylonitrile resins, and has high gas barrier property, that is a feature of the ethylene/vinyl acetate copolymer 
saponified resins. Hence, this laminate can be suitably used for deep draws having high resistance to permeation of 
gases, and can be used as a packaging material for foods and medicaments. 

The third and the fourth adhesive ethylene copolymer resin compositions according to the invention have good 
adhesive force to polyester resins, potycartx^nate resins, polyvinylidene chloride resins and ethylene/vinyl acetate 
20 copolymer saponified resins even in an atmosphere of high temperatures. 

Therefore, the second laminate according to the invention, which has a layer of the third or the fourth adhesive eth- 
ylene copolymer resin composition, shows good adhesive force to the polyester resins. p>olycarbonate resins, polyvinyli- 
dene chloride resins and ethyleneA^inyl acetate copolymer saponified resins even in an atmosphere of high 
temperatures. 

25 The second laminate of the invention has good mechanical strength, that is a feature of the polyester resins, poly- 
cartx>nate resins and polyvinylidene chloride resins, and has high gas barrier property, that is a feature of the ethyt- 
ene/vinyl acetate copolymer saponified resins. Hence, this laminate can be suitably used for films, bottles, etc. having 
high resistance to permeation of gases, and can be used ^s a packaging material for foods and medicaments. 

The fifth adhesive ethylene copolymer resin composition according to the invention shows excellent heat stability 

30 and moldability. and it can form a film layer having high transparency and good adhesion to metaJs or materials of high 
polarity. 

The third laminate according to the invention is excellent in the interlaminar strength between the layer of the fifth 
adhesive ethylene copolymer resin composition of the invention and the layer of a material of high polarity such as 
polyamide (nylon), an ethyleneA^inyl alcohol copolymer or polyester or the layer of a metal. 

35 

EXAMPLE 

The present invention will be further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

40 

Preparation Example 1 

In a 200-liter continuous reaction apparatus, copolymerisation of ethylene and 1 -octene was carried out under the 
conditions of a residence time of 1 hour, a polymerization temperature of 80 "^C and a polymerization pressure of 5.6 
45 kg/cm^-G. In this. reaction, hexane, 1 -octene, ethylene and hydrogen were fed at feed rates of 95.5 l/hr. 4.5 l/hr. 3.4 l/hr 
and 10 Nl/hr, respectively. 

As catalyst components. rac-dimethylsilylene-bis{1 -(2-methyf-4iDhenylindenyl)}zirconium dichloride (catalyst com- 
ponent (a)), methylaluminoxane (catalyst component (b)) and triisobutylaluminum (catalyst conrponent (d)) were used. 
The catalyst component (a) and the catalyst component (b) were previously contacted with each other. To the polymer- 
50 ization system, the catalyst component (a) was fed at a feed rate of 0.024 mmol/hr in terms of zirconium, the catalyst 
component (b) was fed at a feed rate of 7.2 mmol/hr in terms of aluminum, and the catalyst component (d) was fed at 
a feed rate of 10 mmol/hr in terms of aluminum. 

As a result of the polymerization reaction, a polymer, i.e., an ethylene/1 -octene copolymer (sometimes abbreviated 
to ''PEO" hereinafter), was obtained at a rate of 5.0 kg/hr. 
55 The ethyiene/1 -octene copolymer (PEO) had an ethylene content of 85.2 % by weight, a density of 0.870 g/cm^. 
. MFR of 5.8 g/10 min. MT of 0.76 g. MFRio/MFRg of 8.2. a B value of 1.00 and a crystallinity of 0 %. The number of 
unsaturated bonds present in molecule was not more than 1 per one molecule of the copolymer. 
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Mcxilfication Example 1 

The ethylene/1 -octene copolymer (PEO) of 825 g obtained in Preparation Example 1 was dissolved in 5.7 liters of 
toluene (reaction solvent) at 1 60 °C. / / 

5 To the resulting toluene solution, a toluene solution of maleic anhydrijJe (4.13 g/250 ml) and a toluene solution of 

dicumyl peroxide (DCP) (0.33 g/50 ml) were slowly fed through sepaFset^^ed pipes over a period of 4 hours. 

After the feeding, the reaction was continued at 160 **C for 30 minutes. Then, the system was cooled to room tem- 
perature to precipitate a polymer. The precipitated polymer was filtered, then repeatedly washed with acetone and vac- 
uum dried at 80 "^C for 1 day. to obtain the aimed modified ethylene/1 -octene copolymer (sometimes abbreviated to 
10 "MAH-PEO" hereinafter). 

The modified ethylene/1 -octene copolymer (MAH-PEO) was subjected to elemental analysis to measure the graft 
quantity of the maleic anhydride. As a result, it was found that the graft quantity of the maleic anhydride was 2.0 g based 
on 100 g of the nrKXlified ethylene/1 -octene copolymer. The modified ethylene/1 -octene copolymer had a density of 
0.873 g/cm^ and MFR of 0.5 g/10 min. 

15 

Example A1 



In a tumbler. 85 parts by weight of PEO obtained in Preparation Example 1, 5 parts by weight of MAH-PEO 

obtained in Modification Example 1 and 1 0 parts by weight of an alicydic hydrogenated petroleum resin (tackif ier, trade 
20 name: Arcon PI 25, available from Arakawa Kagaku K.K.) having a softening point of 125 **C were mixed. The resulting 

mixture was kneaded and granulated by a single-screw extruder (Dulmage screw) 40 mm in diameter preset at 200 ""C, 

to obtain an adhesive resin composition (1-1). 

The adhesive resin composition (1-1) had a density of 0.880 g/cm^, MFR of 5.0 g/10 min, a crystallinity (measured 

by X-ray diffractometry) of 0 % and a graft quantity of 0.1 1 % by weight based on the whole conriposition. 
35 Then, the adhesive resin composition (1-1). an ethylene/vinyl acetate copolymer saponified resin (EVOH, trade 

name: Eval EP-F101 A. available from Kuraray Co., Ltd., ethylene content: 32 % by mol) and a polystyrene resin (HIPS. 

trade name: Torpolex 830-05. available from Mitsui Toatsu Chemicals, Inc.) were molded into a five-layer co-extruded 

sheet under the following conditions. 



20 Molding conditions 



35 



Sheet structure and thickness of each layer: 

HIPS/(I-1)/EV0H/(I-1)/HIPS = 350/50/50/50/350 O^m) 
Extruder: 



die diameter of 40 mm: molding temperature of 220 ^C (for HIPS) 
die diameter of 40 mm: molding temperature of 220 **C (for (1-1)) 
die diameter of 30 mm: moWing temperature of 220 **C (for EVOH) 
die diameter of 40 mm: molding temperature of 220 °C (for (1-1)) 
40 die diameter of 40 mm: molding temperature of 220 °C (for HIPS) 

Die temperature: 220 *C 
Molding speed: 1 m/min 

45 The five-layer co-extruded sheet obtained above was measured on the Interlaminar strength between the HIPS 
layer and the adhesive resin composition (1-1) layer and the interlaminar strength between the EVOH layer and the 
adhesive resin composition (1-1) layer at peel testing terrperatures of 23 *C and 60 ''C. 

The measurement of the interlaminar strength was carried out in the following manner in accordance with a T-peel 
test. The five-layer sheet was cut to give a specimen having a width of 1 5 mm. One extremity of a layer of the specimen 
£0 was peeled, and the peel strength was measured at a peel rate of 300 mm/mi n by means of an Instron tensile tester. 
The results are set forth in Table 1 . 

Modification Example 2 



55 In a Henschel mixer, 100 parts by weight of an ethylene/1 -butene copolymer (sometimes abbreviated to "PEB(a)" 
hereinafter, ethylene content: 92 % by weight, density: 0.920 g/cm^, MFR: 2.2 g/10 min) prepared by the use of a cat- 
alyst formed from a magnesium chloride-support type titanium catalyst and triethylaiuminum, 0.9 part by weigtit of 
maleic anhydride and 0.08 part by weight of peroxide (trade name: Perhexyne-25B, available from Nippon Oils & Fats., 
Ltd.) were mixed. _ . 
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The resulting mixture was melted and graft modified by a single-screw extruder preset at 230 *C, to obtain a mod- 
ified ethyIene/1-butene copolymer (sometimes abbreviated to "MAH-PEBIa)" hereinafter). 

The modified ethylene/1 -butene copolymer (MAH-PEB(a)) was measured on the graft quantity of the maleic anhy- 
dride. As a result, it was found that the graft quantity of the maleic anhydride was 0.8 g based on 100 g of the modified 
5 ethylene/1 -butene copolymer. The modified ethylene/1 -butene copolymer (MAH-PEB(a)) had a density of 0.922 g/cm^. 
MFR of 0.3 g/10 min and a crystallinrty (measured by X-ray diffractometry) of 40 %. 

Example A2 

10 In a tumbler. 75 parts by weight of PEO obtained in Preparation Example 1,15 parts by weight of MAH-PEB(a) 
obtained in Modification Example 2 and 10 parts by weight of an alicycllc hydrogenated petroleum resin (tackrfier, trade 
name: Arcon P125, available from Arakawa Kagaku K.K.) having a softening point of 125 "C were mixed. The resulting 
mixture was kneaded and granulated by a single-screw extruder (Dulmage screw) 40 mm in diameter preset at 200 **C, 
to obtain an adhesive resin composition (1-2). 
15 The adhesive resin composition (1-2) had a density of 0.889 g/cm^. MFR of 3.5 g/1 0 min, a crystallinrty (measured 
by X-ray diffractometry) of 10 % and a graft quantity of 0.12 % by weight based on the whole composition. 

Then, a five-layer co-extruded sheet was produced in the same manner as in Example A1 , except that the adhesive 
resin composition (1-2) was used in place of the adhesive resin conposition (1-1). 

The five-layer co-extruded sheet obtained above was measured on the interlaminar strength between the HIPS 
2c layer and the adhesive resin composition (1-2) layer and the interlaminar strength between the EVOH layer and the 
adh sive resin composition (i-2) layer at peel testing temperatures of 23 °C and 60 **C. 
The results are set forth in Table 1 . 

Comparative Examole A1 

An adhesive resin composition (1-3) was obtained in the same manner as in Example A2. except that an ethylene/1 - 
txitene copolymer (PEB(b)) prepared by the use of a conventional vanadium type Ziegler catalyst was used in place of 
the ethylene/1 octene copolymer (PEO). 

The adhesive resin composition (1-3) had a density of 0.889 g/cm^,- MFR of 2.7 g/10 min. a crystallinity (measured 
by X-ray diffractometry) of 10 % and a graft quantity of 0.12 % by weight based on the whole composition. 

The ethylene/1 -butene copolymer (PEB^d)) had, as shown in Table 2, an ethylene content of 85.3 % by weight, a 
density of 0.870 gfcvn^, MFR of 5.0 g/10 min, MT of 0.18 g, MFRio/MFRg of 5.6. a B value of 1 .02 and a crystallinity of 
0 % The number of unsaturated bonds present in molecule was not nnore than 1 per one molecule of the copolymer. 

Then, a five-layer co-extruded sheet was produced in the same manner as in Example A2, except that the adhesive 
»es*n composition (1-3) was used in place of the adhesive resin composition (1-2). 

The five-layer co-extruded sheet obtained above was measured on the interlaminar strength between the HIPS 
ta>ef arKi the adhesive rean composition (1-3) layer and the interlaminar strength between the EVOH layer and the 
ac^^esive resin composition (1-3) layer at peel testing temperatures of 23 **C and 60 *C. 

The results are set forth in Table 1 . 



Table 1 





Adhesive resin composi- 
tion 


Interlaminar strength [g/1 5 mm] 






HIPS/(I-1). (1-2) or (1-3) 


EVOH/(l-1). (1-2) or (1-3) 






23**C 


60°G 


23'»G 


60**C 


Ex. A1 


(1-1) 


620 


100 


unpeelable 


unpeelable 


Ex. 


(f-2) 


600 


110 


unpeelable 


unpeelable 


Comp. Ex. A1 


(1-3) 


580 


30 


unpeelable 


unpeelable 



55 
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Table 2 





PEO 


PEB(b) 


Comonomer 


1 -octene 


1 -butene 


Comonomer content 


(wt %) 


14.8 


14.7 


Ethylene content 


(wt%) 


85.2 


85.3 


Density 


(g/cm^) 


0.870 


0.870 


MFR 


(g/10 min) 


5.8 


5.0 


MT 


(g) 


0.76 


0.18 


Crystallinity 


(%) 


0 


0 


B value 


1.00 


1.02 


MFR10/MFR2 


8.2 


5-6 


Number of unsaturated bonds per molecule of copolymer 


not more than 1 


not more than 1 


Catalyst used in the preparation of PEB(b): vanadium type ziegler catalyst 



25 Example B1 

In a tumWer. 75 parts by weight of PEO obtained in Preparation Example 1, 5 parts by weight of MAH-PEO 
obtained in Modification Example 1 and 20 parts by weight of an ethylene/vinyl acetate copolymer (trade name: Evaf lex 
P-2505, available from Mitsui Dupont Polychemical K.K.. vinyl acetate content: 25 % by weight, MFR: 2.5 g/10 min) 
30 were mixed. The resulting mixture was kneaded and granulated by a single-screw extruder (Dulnriage screw) 40 mm in 
diameter preset at 200 "C, to obtain an adhesive resin composition (ll-T), 

The adhesive resin composition (11-1) had a density of 0.888 g/cm^. MFR of 3.0 g/10 min, a crystallinity (measured 
by X-ray diffractometry) of 0 % and a graft quantity of 0.11 % by weight based on the whole composition. 

Then, the adhesive resin composition (11-1). an ethylene/vinyl acetate copolymer saponified resin (EVOH, trade 
35 name: Eval EP-F101 A, available from Kuraray Co., Ltd., ethylene content: 32 % by mol) and a polyethylene terephtha- 
late resin (PET. trade name: J125, available from Mitsui PET K.K.) were molded into a three-layer co-extruded film 
under the following conditions. 

Molding conditions 

40 

Sheet structure and thickness of each layer: 

PET/(II-1 )/EVOH = 80/30/40 (|xm) 
Extruder: 

45 die diameter of 40 mm: molding temperature of 270 *C (for PET) 

die diameter of 40 mm: molding temperature of 240 **C (for (11-1)) 
die diameter of 40 mm: molding temperature of 220 *'C (for EVOH) 

Die tenperature: 270 **C 
50 Molding speed: 5 m/min 

The three-layer co-extruded film obtained above was measured on the interlaminar strength between the PET layer 
and the adhesive resin composition (11-1) layer and the interlaminar strength between the EVOH layer and the adhesive 
resin composition (11-1) layer at peel testing temperatures of 23 ''C and 60 "C. 
55 The measurement of the interlaminar strength was carried out in the following manner in accordance with a T-peel 
test. The three-layer film was cut to give a specimen having a width of 1 5 mm. One extremity of a layer of the specimen 
was peeled, and the peel strength was measured at a peel rate of 300 mm/min by means of an Instron tensile tester. 

The results are set forth in Table 3, 
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Example B2 

The adhesive resin composition used in Example B1. an ethyiene/vinyl acetate copolymer saponified resin 
(EVOH, trade name: Eval EP-F101 A, available from Kuraray Co.. Ltd.. ethylene content: 32 % by mol) and a polycar- 
5 txjnate resin (PC. trade name: Teijin Panlite L-1 250, available from Teijin Kasei K.K.) were molded into a three-layer co- 
iaxfruded film under the following conditions. 

Molding conditions 

10 ' Sheet structure and thickness of each layer: 
PC/(ll-1)/EVOH = 80/30/40 (^tm) 
Extruder: 

die diameter of 40 mm: molding temperature of 270 *C (for PC) 
15 die diameter of 40 mm: molding temperature of 240 •C (for (11-1)) 

die diameter of 40 mm: molding temperature of 220 **C (for EVOH) 

Die temperature: 270 *C 
Molding speed: 5 nVmin 

20 

The three-layer co-exfruded film obtained above was measured on the interlaminar sfrength between the PC layer 
and the adhesive resin conposition (11-1) layer and the interlaminar strength between the EVOH layer and the adhesive 
resin composition (11-1) layer at peel testing temperatures of 23 *C and 60 **C. 

The results are set forth in Table 3. 

25 

ExamplQ B3 c 

The adhesive resin composition (11-1) used in Example B1, an ethyleneA^inyl acetate copolymer saponified resin 
(EVOH, trade name: Eval EP-F101 A, available from Kuraray Co., Ltd., ethylene content: 32 % by mol) and a polyvinyli- 
30 dene chloride resin (PVDC. trade name: SARAN X-05253-16, available from The Dow Chemical Co.) were molded into 
a three-layer co-exfruded film under the following conditions. 

Molding conditions 

35 Sheet structure and thickness o1 each layer: 
PVDC/(II-1)/EV0H = 40730/80 (^lm 
Exfruder: 

die diameter of 40 mm: molding temperature of 200 **C (for PVDC) 
40 die diameter of 40 mm: molding temperature of 240 'C (for (ll-l)) 

die diameter of 40 mm: molding temperature of 220 **C (for EVOH) 

Die temperature: 220 "^C 
Molding speed: 5 m/min 

45 

The three-layer co-extruded film obtained above was measured on the interlaminar strength between the PVDC 
layer and the adhesive resin composition (11-1) layer and the interlaminar strength between the EVOH layer and the 
adhesive resin composition (11-1) layer at peel testing temperatures of 23 "^C and 60 **C. 

The results are set forth in Table 3. 

so 

Example B4 

In a tumbler, 65 parts by weight of PEO obtained in Preparation Example 1.15 parts by weight of MAH-PEB{a) 
obtained in Modification Example 2 and 20 parts by weight of an ethylene/vinyl acetate copolymer (frade name: Evaflex 
55 P-250i5. available from Mitsui Dupont Polychemical K.K.. vinyl acetate content: 25 % by weight. MFR: 2.5 g/10 min) 
were mixed. The resulting mixture was kneaded and granulated by a single-screw extruder (Dulmage screw) 40 mm in 
diameter preset at 200 **C, to obtain an adhesive resin composition (11-2). 

The adhesive resin composition (11-2) had a density of 0.896 g/cm^, MFR of 2.6 g/10 min. a crystallinity (measured 
by X-ray diffractometry) of 1 0 % and a graft quantity of 0.12 % by weight based-on the whole composition. 
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Then, a three-layer co-extruded f iim was produced in the same manner as in Example B1 , except that the adhesive 
resin composition (11-2) was used in place of the adhesive resin composition (11-1). 

The three-layer co-extruded film obtained above was measured on the interlaminar strength between the PET layer 
and the adhesive resin composition (11-2) layer and the interlaminar strength between the EVOH layer and the adhesive 
5 resin composition (11-2) layer at peel testing temperatures of 23 and 60 "C. 
The results are set forth in Table 3. 

Comparative Example B1 

An adhesive resin composition (11-3) was obtained in the same manner as in Example B4. except that an ethyl- 
ene/1 -butene copolymer (PEB(b)) prepared by the use of a conventional vanadium type Ziegler catalyst was used in 
place of the ethylene/1 -octene copolymer (PEO). 

The adhesive resin composition (11-3) had a density of 0.897 g/cm^, MFR of 2.8 g/1 0 min, a crystallinity (measured 
by X-ray diffractometry) of 10 % and a graft quantity of 0. 12 % by weight based on the whole composition. 

Then, a three-layer co-extruded film was produced in the same manner as in Example 84, except that the adhesive 
resin composition (11-3) was used in place of the adhesive resin composition (11-2). 

The three-layer co-extruded film obtained above was measured on the interlaminar strength between the PET layer 
and the adhesive resin composition (11-3) layer and the interlaminar strength between the EVOH layer and the adhesiv 
resin composition (11-3) layer at peel testing temperatures of 23 "C and 60 °C. 
The results are set forth in Table 3. 



Table 3 





Adhesive 
resin compo- 
sition 


Adherend 
(HI) 


Adherend 
(H2) 


Interlaminar strength [g/1 5 mm] 










H1/(ll-1), (11-2) or (11-3) 


H2/(ll-1), (li-2) or (11-3) 










23''C 


60**C 


23^C 


60**C 


Ex. 81 


(11-1) 


PET 


EVOH 


1300 


130 


unpeelable 


unpeelable 


Ex. 82 


(11-1) 


PC 


EVOH 


1400 


100 


unpeelable 


unpeelable 


Ex. 83 


(IM) 


PVDC 


EVOH 


1100 


100 


unpeelable 


unpeelable 


Ex. 84 


(11-2) 


PET 


EVOH 


1400 


120 


unpeelable 


unpeelable 


Conrp, Ex. 
81 


(11-3) 


PET 


EVOH 


1100 


30 


unpeelable 


unpeelable 



40 

Preparation Example 2 

Preparation of graft-modified ethyl ene/1-hexene copolymer 

45 

Preparation of catalyst component 

Silica of 5.0 kg having been dried at 250 *C for 10 hours was suspended in 80 liters of toluene, and the resulting 
suspension was cooled to 0 **C. To the suspension was dropwise added 28.7 liters of a toluene solution of methylalumi- 

50 noxane (Al: 1 .33 mol/1) over a period of 1 hour. During the addition, the temperature of the system was maintained at 0 
•^C. Sufc>sequently. the reaction was continued at 0 **C for 30 minutes. Then, the temperature of the systeni was raised 
to 95 **C over a period of 1 .5 hours, and the reaction was conducted at this temperature for 20 hours. Then, the system 
was cooled to 60 °C. and the supernatant liquid was removed by decantation. 

The resulting solid was washed twice with toluene and resuspended in 80 liters of toluene. To the system, 6.6 liters 

55 of a toluene solution of bis(1 .3-n-butylmethylcyclopentadienyl)zirconium dichloride (Zr: 34.0 mmol/l) and 2.0 liters of a 
toluene solution of bis(1,3-dimethylcyclopentadienyl) zirconium dichloride (Zr: 28,1 mmol/l) were dropwise added over 
a period of 30 minutes, and the reaction was further conducted at 80 ''C for 2 hours. Then, the supernatant liquid was 
removed, and the remainder was washed twice with hexane, to obtain a solid catalyst containing 3.6 mg of zirconium 
based on 1 g of the catalyst. ^ .. . . 
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Preparation of prepolvmerized cataivst 

To 85 liters of hexane containing 1 .7 mol of triisobutylaluminum were added 0.85 kg of the solid catalyst obtained 
above and 255 g of 1-hexene, and prepolymerization of ethylene was performed at 35 *'C for 12 hours. Thus, a prepo- 
lymerized catalyst in which 10 g of polyethylene (prepolymer) was produced per 1 g of the solid catalyst was obtained. 
This ethylene polymer had an intrinsic viscosity [t\] of 1.74 dl/g. 

Polymerization 

In a continuous type fluidized bed gas phase polymerization reactor, copolymerization of ethylene and 1-hexene 
was carri^ out at a polymerization temperature of 80 under a total pressure of 20 kg/cm^-G. To the system, the pre- 
polymerized catalyst obtained above and triisobutylaluminum were continuously fed at feed rates of 0.18 mmol/hr (in 
tQ^ms of zirconium atom) and 10 mmol/hr, respectively. Further, ethylene, 1-hexene. fiydrogen and nitrogen were con- 
tinuously fed to keep the gas composition constant during the polymerization (gas composition: 1-hexene/ethylene = 
0.030, hydrogen/ethylene = 5.5 x 10"^^, ethylene concentration = 25 %). 

Thus, an ethylene/1 -hexene copolymer (EH-1) was obtained in an yield of 6.0 kg/hr. The ethylene/1 -hexene copol- 
ymer (EH-1) had a density of 0.923 g/cm^. MFR of 2.1 g/10 min, a melting point (Tm, temperature at maximum peak, 
by DSC) of 1 14.5 **C. a melt tension (MT) of 2.1 g and a quantity of decane-soluble portion (W) at 23 *»C of 0.26 % by 
weight. The number of the unsaturated bonds was 0.09 per 1,000 carbon atoms, and it was 0,16 per one molecule of 
the polymer. The B value indicating distribution of 1-hexene in the copolymer chains was 1 .02. 

Graft modification 

The ethylene/1 -hexene copolymer (EH-1 ) of 825 g was dissolved in 5.7 Trters of toluene (reaction solvent) at 160 **C- 
To the resulting solution, a toluene solution of maleic anhydride (4.13 g/250 ml) and a toluene solution of dicumy! 

peroxide (DPC) (0.33 g/50 ml) were slowly fed through separate feed pipes over a period of 4 hours. 

After the feeding, the reaction was continued at 160 *'C for 30 minutes. Then, the temperature of the system was 

cooled to room temperature to precipitate a polymer. The precipitated polymer was filtered, then repeatedly washed 

with acetone and vacuum dried at 80 **C for 1 day to obtain the aimed graft-modified ethylene/1 -hexene copolymer 

(MAH-EH-1). 

The modified ettiylene/l -hexene copolymer (MAH-EH-1) was subjected to elemental analysis to measure the graft 
quantity of tiie maleic anhydride. As a result. It was found tiiat the graft quantity of the maleic anhydride was 0.2 g based 
on 100 g of the modified ethylene/1 -hexene copolymer. The modified ethylene/1 -hexene copolymer had a density of 
0.923 g/cm^ and MFR of 1 .0 g/10 min. 

Example Cl 

Preparation of composition 

90 Parts by weight of the modified etiiylene/1 -hexene copolymer (MAH-EH-1) obtained in Preparation Example 2 
and 10 parts by weight of an ethylene/propylene copolymer (EPR. density: 0.865 g/cm^, MFR: 0.5 g/10 min, crystallin- 
ity: 4 %, amount of constituent units derived from ethylene: 80 % by mol) were melt blended to obtain a modified ethyl- 
ene copolymer resin composition. 

Then, the adhesive strength of the composition to low-density polyethylene (LDPE) and the adhesive strength 
thereof to an ethylene/vinyl alcohol copolymer were measured in the following manner. 

Evaluation of adhes ive strenoth to ethvlene/vinyl alcohol copolymer and adhesive strencrth to low-derisitv polvetiiylene 

An etiiylene/vinyl alcohol copolymer (EVOH, trade name: Eval EP-F, availal^le from Kuraray Co., Ltd.. MFR (ASTM 
D 1238,E): 1 .3 g/10 min, density: 1.19 g/cm^, etiTylene content: 32 % by mol. saponification degree: 100 %), ihe modi- 
fied ethylene copolymer resin composition obtained above andJow-density polyethylene (LDPE) were molded into a 
three-layer co-extrusion cast film under the following conditions. 

Molding conditions 

Rim structure and thictaiess of each layer: 

EVOH (outside layer)/composition (intermediate layer)/LDPE (inside iayer) = 20/10/40 (^m) 
Molding machine: 
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Extruder with die 40 mm in diameter (for outside layer): preset at 220 °C 
Extruder with die 30 mm in diameter (for intermediate layer): preset at 220 ^'C 
Extruder with die 40 mm in diameter (for inside layer): preset at 220 

5 Molding speed: 20 m/min 

The three-layer film was cut to give a specimen having a width of 1 5 mm. One extremity of a layer of the specimen 
was peeled, and the interlaminar strength (peel strength, F^vq^ {g/15 mm)) between the EVOH layer and the compo- 
sition layer and the interlaminar strength (peel strength, Fldp^ (g/15 mm)) between the LDPE layer and the composition 
10 layer were measured by an Instron tensile tester at a peel rate of 300 mm/min in accordance with a T-peel test. 

The ri^utts are set forth in Table 4. 

Example C2 

15 A modified ethylene copolymer resin composition was obtained in the same manner as in Example CI , except that 
the amount of the modified ethylene/1 -hexene copolymer (M AH-EH-1 ) and the amount of the ethylene/propylene copol- 
ymer (EPR) were varied to 80 parts by weight and 20 parts by weight, respectively. 

Then, the adhesive strength of the composition to the low-density polyethylene (LDPE) and the adhesive strength 
thereof to the ethylene/vinyl alcohol copolymer were measured in the same manner as in Example CI . 

20 The results are set forth in Table 4. 

Example C3 

A modified ethylene copolymer resin composition was obtained in the same manner as in Example CI , except that 
25 the amount of the modified ethylene/1 -hexene copolymer (MAH-EH-1) and the amount of the ethylene/propylene copol- 
ymer (EPR) were varied to 70 parts by weight and 30 parts by weight, respectively. 

Then, the adhesive strength of the composition to the low-density polyethylene (LDPE) and the adhesive strength 
thereof to the ethylene/vinyl alcohol copolymer were measured in the same manner as in Example C1 . 
The results are set forth in Table 4. 

30 ^ ' 

Preparation Example 3 

Preparation of graft-modified ethvlene/1 -hexene copolymer 

35 100 Parts by weight of the ethylene/1 -hexene copolymer {EH-1) of Preparation Example 2, 0.9 part by weight of 
maleic anhydride and 0.08 part by weight of peroxide (trade name: Perhexyne-25B, available from Nippon Oils & Fats., 
Ltd.) were mixed. The resulting mixture was melted and graft modified by a single-screw extruder preset at 230 ""C, to 
obtain a modified ethylene/1 -hexene copolymer (MAH-EH-2). 

The modified ethylene/1 -hexene copolymer (MAH-EH-2) was subjected to elemental analysis to measure the graft 

40 quantity of the maleic anhydride. As a result, it was found that the graft quantity of the maleic anhydride was 1 .0 g t>ased 
on 100 g of the modified ethylene/1 -hexene copolymer. The modified ethylene/1 -hexene copolymer had a density of 
0.926 g/cm^ and MFR of 0.2 g/10 min. 

Example C4 

45 

15 Parts by weight of the modified ethylene/1 -hexene copolymer (MAH-EH-2) obtained in Preparation Example 3, 
65 parts by weight of the unmodified ethylene/1 -hexene copolymer (EH-1) obtained in Preparation Example 2 and 20 
parts by weight of the ethylene/propylene copolymer (EPR) used in Example CI were melt blended to obtain a modified 
ethylene copolymer resin composition. 
so Then, the adhesive strength of the composition to the low-density polyethylene (LDPE) and the adhesive strength 
thereof to the ethylene/vinyl alcohol copolymer were measured in the same manner as in Example CI . 

The results are set forth in Table 4. 

Example C5 

55 . 

A modified ethylene copolymer resin composition was obtained in the same manner as in Example C4, except that 
an ethylene/1 -octene copolymer (EOR, density: 0.870 g/cm^, MFR: 5.8 g/10 min, crystallinity: 0 %, amount of constitu- 
ent units derived from ethylene: 85.2 % by mol) was used in place of the EPR. 

Then, the adhesive strength of the composition to the low-density polyethylene (LDPE) and the adhesive strength - 
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thereof to the ethyleneAflnyl alcohol copolymer were measured in the same manner as in Example Cl . 
The r^ults are set forth in Table 4. 

Example C6 

5 

A modified ethylene copolymer resin connposition was obtained in the same manner as in Example C4, except that 
an ethylene/1 -butene copolymer (EBR, density: 0.885 g/cm^. MFR: 6.0 g/10 min, crystallinity: 16 %. amount of constit- 
uent units derived from ethylene: 90 % by mol) was used in place of the EPR. 

Then, the adhesive strength of the composition to the low-density polyethylene (LDPE) and the adhesive strength 
10 thereof to the ethyleneAflnyl alcohol copolymer were measured in the same mann©- as in Example CI . . 

The results are set forth in Table 4. 

Comparative Example CI 

15 The procedure of Example CI was repeated, except that the modified ethyl ene/1-hexene copolymer (MAH-EH-1) 
was used singly in place of the modified ethylene copolymer resin composition. 
The results are set forth in Table 4. 

Comparative Example C2 

20 

The procedure of Exannple 04 was repeated, except that 85 parts by weight of low-density polyethylene (Ti-PE. 
density: 0.921 g/cm^, MFR: 2.1 g/10 min) prepared by the use of a conventional Ti catalyst was used in place of 65 
parts by weight of the unmodified ethyl ene/1-hexene copolymer (EH-1) and the ethylene/propylene copolymer (EPR) 
was not used. 
25 The results are set forth in Table 4. 
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Table 4 



5 




Example 






CI 


C2 


C3 


C4 


10 


Composition 
(part(s) by weight) 
Modified ethylene/ 
cx-olefin copolymer 
MAH-EH-1 




SO 




15 


15 


Olefin elastomer 
EPR 
EOR 
EBR 


10 


20 


30 


20 


20 


Unmodified ethylene/ 
a-olefin copolymer 
Me-PE 
Ti-PE 


— 








65 




Properties of blend 










25 


Density (g/cm3 ) 


0.918 


0.910 


0-903 


0.911 




MFR (g/10 min) 


0.9 


0.85 


0.8 


1.1 




Graft quantity {wt%) 


0.18 


0.16 


0.14 


0.15 




Crystallinity (%) 


45 


40 


35 


40 


30 


Inter laminar 
strength of laminate 












Fevoh (g/15 mm) 


200 


420 


530 


390 


35 


Fldpe (g/15 mm) 


unpeelable 


unpeelable 


unpeelable 


unpeelable 



Remarks : 



Me-PE: unmodified ethylene/ 1-hexene copolymer (EH-1) 
prepared by the use of metallocene catalyst 

Ti-PE: low-density polyethylene prepared by the use of 
conventional titanium catalyst 
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Table 4 (cont'd) 



5 




Exait?>le 


Compara t ive 
Example 






C5 


C6 


CI 


C2 


10 


Composition 
(part(s) by weight) 
Modified ethylene/ 

Ct— olefin copolymex* 
MAH-EH-1 
MAH-EH-2 


15 


15 


100 


15 


15 


Ol^'fin ^1 3 <5 1" nTntf^T" 
EPR 
EOR 

Hi I? J\ 


20 


— — 

20 


— — 

— 


— 
— 


20 


Uninodi f i ed e t hv 1 ene / 
a-olefin copolymer 
Me-PE 
Ti-PE 


65 


65 


— 


85 


25 


Properties of blend 










Dens i ty ( g/ ctiS ) 


0.914 


0.915 


0.923 


0.924 




MFR (g/10 min) 


1.7 


1.7 


1.0 


1.3 




Graft quantity (wt%) 


0.15 


0.15 


0.20 


0.15 


30 


Crvstallinitv (%) 


42 


42 


49 


50 




Interlaminar 
strength of laminate 










35 


Fevoh (g/15 -mm) 


330 


280 


50 


40 




FujpE {g/15 mm) 


unpeelable 


unpeelcible 


unpeelable 


unpeelable 



Remarks : 

Me-PE: unmodified ethylene/l-hexene copolymer (EH-1) 



prepared by the use of metallocene catalyst 
Ti"PE: low-density polyethylene prepared by the use of 
conventional titanium catalyst 



Claims 

1 . An adhesive ethylene copolymer resin composition [la] comprising: 

55 

50 to 99 % by weight of a modified ethylene/a-olefin copolymer [A2] obtained by graft-modifying a long-chain 
branched ethylene/a-olefin copolymer [A1] comprising ethylene and an a-olefin of 3 to 20 carbon atoms with 
an unsaturated carboxylic acid or its derivative, or 50 to 99 % by weight of the unmodified ethylene/a-olefin 
copolymer [A1] and the modified ethyl ne/a-olef in copolymer [A2], said long-chain branched ethylene/a-olefin 
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copolymer [A1] being prepared by the use of an olefin polymerization catalyst comprising a Group IV transition 
metal compound (a) containing a ligand having cyclopentadienyl skeleton and an organoaluminum oxy-com- 
pound (b), and 

1 to 50 % by weight of a tackifier [B]; 

wherein the ethylene/a-olefin copolymer [A1] has the following properties: 
the density (d) is in the range of 0.850 to 0.895 glcmP, and 

the melt flow rate (MFR) at 190 °C under a load of 2. 16 kg is in the range of 0.01 to 200 g/10 min; and 
the composition [la] has the following properties: 
the density (d) is in the range of 0.870 to 0.900 g/cm^, 

the melt flow rate (MFR) at 190 °C under a load of 2. 16 kg is in the range of 0.1 to 1 00 g/10 min, 
the crystallinity, as measured by X-ray drffractometry. Is less than 40 %, and 

the graft quantity based on the total amount of the composition [la] is in the range of 0.0001 to 5 % by weight. 

An adhesive ethylene copolymer resin composition [lb] conphsing: 

49 to 95 % by weight of at least one component selected from the group consisting of a long-chain branched 
ethylene/a-olefin copolymer [A1] comprising ethylene and an a-olefin of 3 to 20 carbon atoms and a modified 
ethylene/a-olefin copolymer [A2] obtained by graft-modifying the ethylene/a-olefin copolymer [A1] with an 
unsaturated cartxixylic acid or its derivative, said long-chain branched ethylene/a-olefin copolymer [A1] being 
prepared by the use of an olefin polymerization catalyst comprising a Group IV transition metal compourKi (a) 
containing a ligand having cyclopentadienyl skeleton and an organoaluminum oxy-compound (b), 
1 to 50 % by weight of a tackifier [B], and 

1 to 30 % by weight of at least one component selected from the group consisting of 

an ethylene homopolymer [C1] prepared by the use of an olefin polymerization catalyst conrprising a Group IV 
transition metal compound and an organoaluminum compound. 

an ethylene/a-olefin copolymer [C2] conprising ethylene and an a-olefin of 3 to 20 carbon atoms, which is pre- 
pared by the use of the same catalyst as for the copolymer [CI], 

a modified ethylene homopolymer [C3] obtained by graft-modifying the ethylene homopolymer [CI] with an 
unsaturated cart^oxylic acid or its derivative, and 

a modified ethylene/a-olefin copolymer [C4] obtained by graft-modifying the ethylene/a-olefin copolymer [C2] 
with an unsaturated carboxylic acid or its derivative, 

said corrposition [lb] containing at least one component selected from the group consisting of the modified eth- 
ylene/a-olefin copolymer [A21, the modified ethylene homopolymer [C3] and the modified ethylene/a-olefin 
copolymer [C4]: 

wherein the ethylene/a-olefin copolymer [A1] has the following properties: 
the density (d) is in the range of 0.850 to 0.895 g/cm^, and 

the melt flow rate (MFR) at 190 *C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min; 
the ethylene homopolymer [CI] and the ethylene/a-olefin copolymer [C2] have the following properties: 
the density (d) is in the range of 0.900 to 0.970 g/ctvP, 

the melt flow rate (MFR) at 190 °C under a load of 2.16 kg is in the range of 0.01 to 100 g/10 min, and 
the crystallinity. as measured by X-ray diffractometry. is not less than 30 %; and 
the conrposition [lb] has the Ibl lowing properties: 
the density (d) is in the range of 0.870 to 0.900 g/cm^, 

the melt flow rate (MFR) at 190 '^C under a load of 2.16 kg is in the range of 0.1 to 100 g/10 min, 
the crystallinity, as measured by X-ray diffractometry, is less than 40 %, and 

the graft quantity based on the total amount of the composition [lb] is in the range of 0.0001 to 5 % by weight. 

The adhesive ethylene copolymer resin conposition as claimed in claim 1 or claim 2. wherein the unmodified eth- 
ylene/a-olefin copolymer [A1] has the following properties: 

the ethylene content is in the range of 35 to 98 % by weight, 
the density (d) is in the range of 0.850 to 0.895 g/cm^, 

the melt flow rate (MFR2) at 190 **C under a load of 2,16 kg is in the range of 0.01 to 200 g/10 min, 
the melt tension (MT (g)) and the melt flow rate (MFR2) at 1 90 *'C satisfy the following relation 

MT> 1.55xMFR2■''■°^ 

the ratio (MFR10/MFR2) of the melt flow rate (MFR10) at 190 **C under a load of 10 kg to the melt flow rate 
(MFR2) at 1 90 °C under a load of 2.16 kg is in the range of 7 to 50, - 
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the B value, which indicates randomness of the copolymerized monomer sequence distrbution and is deter- 
mined by the following equation, is in the range of 0.9 to 2, 

B = Poe/2Po-Pe 

wherein is a molar fraction of the ethylene units contained in the copolymer, Pq is a molar fraction of the a- 
olefin units contained in the copolymer, and Pqe is a proportion of the ethyl ene/a-olef in sequences to all the 
dyad sequences in the copolymer, and 

the crystallinity. as measured by X-ray diffractometry, is not more than 30 %. 

An adhesive ethylene copolymer resin composition [Ita] comprising: 

50 to 95 % by weight of a modified ethylene/a-oleffin copolymer [A2] obtained by graft-modifying a long-chain 
branched ethyiene/a-olefin copolymer [A1] comprising ethylene and an a-olefin of 3 to 20 cartoon atoms with 
an unsaturated carboxylic acid or its derivative, or 50 to 95 % by weight of the unmodified ethylene/a-olefin 
copolymer [A1] and the modified ethylene/a-olefin copolymer [A2], said long-chain branched ethylene/a-olefin 
copolymer [A1] being prepared by the use of an olefin polymerization catalyst comprising a Group IV transition 
metal compound (a) containing a ligand having cyclopentadienyl skeleton and an organoaluminum oxy-com- 
pound (b). and 

5 to 50 % by wefght of an ethyl ene/vinyl acetate copolymer [D]; 

wherein the ethylene/a-olefin copolymer [A1] has the following properties: 
the density (d) is in the range of 0.850 to 0.895 g/cm^, and 

the melt flow rate (MFR) at 190 **C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min; 
the ethylene/vinyl acetate copolymer [D] has the following properties: 

the melt flow rate (MFR) at 1 90 ^'C under a load of 2.16 kg is in the range of 0.1 to 50 g/10 nriin, and 
the vinyl acetate content is in the range of 5 to 40 % by weight; and 
the composition [lla] has the following properties: 
the density (d) is in the range of 0.870 to 0.900 g/cm^. 

the melt flow rate (MFR) at 190 °C under a load of 2.16 kg is in the range of 0.1 to 100 g/10 min, 
the crystallinity. as measured by X-ray diffractometry, is less than 30 %. and 

the graft quantity based on the total amount of the composition [lla] is in the range of 0.0001 to 5 % by weight. 

An adhesive ethylene copolymer resin composition [lib] comprising: 

50 to 95 % by weight of at least one component selected from the group consisting of a long-chain branched 
ethylene/a-olefin copolymer [A1] comprising ethylene and an a-olefin of 3 to 20 carbon atoms and a modified 
ethylene/a-olefin copolymer [A2] obtained by graft-modifying the ethylene/a-olefin copolymer [A1] with an 
unsaturated carboxylic acid or its dehvative, said long-chain branched ethylene/a-olefin copolymer [A1] being 
prepared by the use of an olefin polymerization catalyst comprising a Group IV transition metal compound (a) 
containing a ligand having cyclopentadienyl skeleton and an organoaluminum oxy-compound (b), 
4 to 40 % by weight of an ethylene/vinyl acetate copolymer [D], and 
1 to 30 % by weight of at least one component selected from the group consisting of 

an ethylene homopolymer [C1] prepared by the use of an olefin polymerization catalyst comprising a Group IV 
transition metal compound and an organoaluminum compound. 

an ethylene/a-olefin copolymer [C2] connprising ethylene and an a-olefin of 3 to 20 carbon atoms, which is pre- 
pared by the use of the same catalyst as for the copolymer [CI], 

a modified ethylene homopolymer [C3] obtained by graft-modifying the ethylene homopolymer [CI] with an 
unsaturated carboxylic acid or its derivative, and 

a modified ethylene/a-olefin copolymer [C4J obtained by graft-modifying the ethylene/a-olefin copolymer [C2] 
with an unsaturated carboxylic acid or its derivative. 

said composition [lib] containing at least one component selected from the group consisting of the modified 
ethylene/a-olefin copolymer [A2]. the modrtied ethylene homopolymer [C3] and the modified ethylene/a-olefin 
copolymer [C4]; 

wherein the ethylene/a-olefin copolymer [A1] has the following properties: 
tiie density (d) is in the range of 0.850 to 0.895 g/cm^, and 

the melt flow rate (MFR) at 190 *C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min; 
the ethylene/vinyl acetate copolymer [D] has the following properties: 

the meft flow rate (MFR) at 190 *C under a load of 2.16 kg is in the range of 0.1 to 50 g/10 min. and 
the vinyl acetate content is in.the range of 5 to 40 % by weight; 
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the ethylene homopolymer [CI] and the ethylene/a-olefin copolymer [C2] have the following properties: 
the density (d) is in the range of 0.900 to 0.970 glcrrp, 

the melt flow rate (MFR) at 190 under a load of 2.16 kg is in the range of 0.01 to 100 g/10 min, and 
the crystallinity. as measured by X-ray diffractometry, is not less than 30 %; and 
5 the composition [lib] has the following properties: 

the density (d) is in the range of 0.870 to 0.900 g/cm^, 

the melt flow rate (MFR) at 190 °C under a load of 2.16 kg is in the range of 0.1 to 100 g/10 min. 
the crystallinity. as measured by X-ray diffractometry, is less than 30 %, and 

the graft quantity based on the total amount of the composition [lib] is in the range of 0.0001 to 5 % by weight. 

10 

6. The adhesive ethylene copolymer resin composition as claimed in claim 4 or claim 5, wherein the unmodified eth- 
ylene/a-olefin copolymer [A1] has the following properties: 

the ethylene content is in the range of 35 to 98 % by weight, 
15 the density (d) is in the range of 0.850 to 0.895 g/cm^, 

the melt flow rate (MFRg) at 190 °C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min, 
the melt tension (MT (g)) and the melt flow rate (MFR2) at 190 ''C satisfy the following relation 

MT > 1.55 X MFRg 

20 

the ratio (MFR^o^'^f^Ra) "^^It flow rate (MFR^o) "'^O °C under a load of 10 kg to the melt flow rate 

(MFR2) at 1 90 ''C under a load of 2. 16 kg is in the range of 7 to 50. 

the B value, which indicates randomness of the copolymerized monomer sequence distribution and is deter- 
mined by the following equation, is in the range of 0.9 to 2. 

25 

B = Poe/2Po-Pe 

wherein is a molar fraction of the ethylene units contained in the copolymer. Pq is a molar fraction of the a- 
olefin units contained in the copolymer, and Pqe *s a proportion of the ethylene/a-olefin sequences to all the 
:'C dyad sequences in the copolymer, and 

the crystallinity, as measured by X-ray diffractometry, is not more than 30 %. 

7. An adhesive ethylene copolymer resin composition [III] comprising a blend of: 

50 to 95 % by weight of a modified ethyiene/a-olefin copolymer [E2] obtained by graft-modifying a linear ethyl- 
ene/a-olefin copolymer [El] comprising ethylene and an a-oiefin of 3 to 20 carbon atoms with an unsaturated 
carboxylic acid or its derivative, or 50 to 95 % by weight of the unmodified ethylene/a-olefin copolymer [El] and 
the modified ethylene/a-olefin copolymer [E2], said linear ethylene/a-olefin copolymer [E1] being prepared by 
the use of an olefin polymerization catalyst comprising a Group IV transition metal compound (a) containing a 
* iigand having cyclopentadienyl skeleton and an organoaluminum oxy-compound (b), and 

5 to 50 % by weight of an olefin elastomer [F]; 

wherein the ethylene/a-olefin copolymer [El] has the following properties: 
the density (d) is in the range of 0.900 to 0.965 g/cm^, and 

the melt flow rate (MFR) at 190 **C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min; and 
4: the olefin elastomer [F] has the following properties: 

the density (d) is in the range of 0.850 to 0.895 g/cm^, 

the melt flow rate (MFR) at 190 ''C under a load of 2.16 kg is in the range of 0.01 to 200 g/10 min, and 
the crystallinity. as measured by X-ray diffractometry, is less than 30 %. 

8. The adhesive ethylene copolymer resin composition as claimed in claim 7, wherein the blend of the modified eth- 
ylene/a-olefin copolymer [E2] and Ihe olefin elastomer [F] and the blend of the unmodified ethylene/a-olefin copol- 
ymer [El], the nrKxiified ethylene/a-olefin copolymer [E2] and the olefin elastomer [F] have the following properties: 

the density (d) is in the range of 0.870 to 0.960 gfcvrP, 
£5 the melt flow rate (MFR) at 190 under a load of 2. 16 kg is in the range of 0.01 to 100 g/10 min. 

the graft quantity of the graft group derived from the unsaturated carboxylic acid or its derivative is in the range 
of 0.01 to 5 % by weight, and 

the crystallinity, as measured by X-ray diffractometry. is not less than 15 %. 
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9. The adhesive ethylene copolymer resin coniposition as claimed in claim 7 or claim 8, wherein the unmodified eth- 
ylene/a-olefin copolymer [E1] is a linear ethylene/a-olefin copolymer having the following properties: 

the density (d) is in the range of 0.900 to 0.965 g/cm^, 
5 the melt flow rate (MFR) at 190 *C under a load of 2.16 kg Is in the range of 0.01 to 200 g/10 min. 

the temperature (Tm (**C)) at the position of the maximum peak of an endotherm curve of the copolymer meas- 
ured by a differerrtial scanning calorimeter (DSC) and the density (d) satisfy the relation 

Tm < 400 X d - 250, 

10 

the melt tension (MT (g)) arKl the melt flow rate (MFR) at 190 satisfy the relation 

MT^2.2xMFR°^,and 

15 the quantity fraction (W (% by weight)) of a decane-soluble component of the copolymer at 23 *C and the den- 

sity (d) satisfy the relation 
in the case of MFR :^ 10 g/10 min: 

W < 80 X exp(-100(d-0.88)) + 0.1. 
so , ' - 

in the case of MFR > 10 g/10 min: 

W < 80 X (MFR-9) ^-^^ X exp(-100(d-0.88)) + 0.1 . 

25 10. An adhesive ethylene copolymer resin composition as claimed in any one of claims 7 to 9. wherein the olefin elas- 
tomer [F] is an ethylene/a-olefin copolymer containing constituent unite derived from ethylene in amounts of 75 to 
95 % by moL 

1 1 . A laminate having a layer structure of three layers or a layer structure of four or more layers including said three 
30 layers, said three-layer structure being formed by superposing a resin selected from the group consisting of a pol- 
ystyrene resin, an ABS resin and a polyacrylonitrile resin, the adhesive ethylene copolymer resin composition as 
claimed in daim 1 or claim 2 and an ethylene/vinyl acetate copolymer saponified resin (EVOH) upon each other in 
this order in a molten state and cooling those resins. 

35 12. A laminate having a layer structure of three layers or a layer structure of four or more layers including said three 
layers, said three-layer structure being formed by superposing a resin selected from the group consisting of a pol- 
yester resin, a polycarbonate resin and a polyvinylidene chloride resin, the adhesive ethylene copolymer resin com- 
position as claimed in claim 4 or claim 5 and an ethylene/vinyl acetate copolymer saponified resin (EVOH) upon 
each other in this order in a molten state and cooling those resins. 

40 

13. A laminate comprising a layer of the adhesive ethylene copolymer resin composition as claimed in claim 7 and a 
layer of a polar material or a metal. 

14. The laminate as claimed in claim 13, wherein the pK>lar material comprises an etfiylene/vinyl alcohol copolymer, 
45 polyamide or polyester. 
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